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Preface 

to the Fourth Edition 


Medicinal chemistry tends to become more and more the study of the chemical 
reactions between therapeutic agents and living tissues. In 1940 practically 
nothing w'as known about the processes by which drugs produce their effect, how 
they react with protoplasm and how they are in turn modified, detoxified, 
metabolized, or eliminated by the living organism. Appreciable progress in this 
direction is being made, and a book on medicinal chemistry must, perforce, take 
cognizance of these stimulating developments. 

Medicinal chemistry viewed in this newer light becomes complex and extensive. 
In order to keep this volume within reasonable limits and cost, the authors 
struggled with a conflicting desire to produce a book that is yet essentially com- 
plete and up to date. The compromise, regrettably, makes it necessary to limit 
the discussion of even the most important topics. It is anticipated, however, 
that where the book is used in the class room the text will bo amplified and ex- 
panded by the instructor, and that where it is used for reference purposes the 
literature citations may lead the student or investigator to additional sources 
of information. 

Tliis edition is completely rcvwwi, and all the type has been set anew. The 
chemical classification of medicinal agents has been retained. Elemcntarj* 
organic chcmistiy has been eliminated, but tj'pical syntheses of important 
medicinal agents have been included, along with a description of properties. 
Correlations between chemical structure and physiological activities are pointed 
out. Wlicrcver possible, protoplasmic reactions are indicated. With vciy few 
exceptions, the text docs not refer to literature after April, 1950. 
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The separate chapter on antibiotics may appear to contradict the objectives 
announced above. It is felt, however, that such a heterogeneous group of 
chemical compounds, having in common antimicroorganic activity and genesis 
from molds, may advantageously be grouped together at the present stage of 
antibiotic history. 

Friends too numerous to mention have helped with criticisms, suggestions, 
and encouragement, and to them all our sincere thanks. Especial appreciation 
is expressed to Dr. R. D. Coghill for his assistance with the chapter on anti- 
biotics and to Messrs. John Andrako and L. Neelakantan for reading the manu- 
script during its production. 

Glenn L. Jenkins 
Walter II. Harttwo 
I vENNETI! E. HaMUN, JR. 
John B. Data 


June, 1957 
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Compounds Composed 
of Carbon and Hydrogen 


SATUIIATED IIYDROCllUmNS 

Tlic Faturatcd lij'drocarbon compounds are not used c\ton«ivcly as medicinal 
nRcnts. The lower members of the alkane series which are volatile and relatively 
soluble in water give rise to the characteristic narcotic effects of hydrocarbon 
groups on inhalation, and Iar(;cr amounts cause asphj’xiation. Simple aliphatic 
compounds cause a reversible depression of activity in living tissues; their action 
depends on their general physical properties which cause them to concentrate on 
surfaces and in lipids. Methane is weakly an<»thctic, the cfTcclivc dose being 
but little less than the toxic dose. The narcotic activity increases «dth increaco 
in molecular weight; the toxicity also Increases but probably loss rapidly. The 
maximum activity is reported for heptane, octane being leas active. It has l)een 
rcportcil (hat the branchcd-chain compounds arc more narcotic tlian their 
straight-chain i‘«omors; l.atcr work h.as not cupportcsl tho.-^o conclusions.* The 
lifluid members of this group are irritants to the iior\-c endings in the skin and 
mucous membranes, inere.oi'mg in nrlivity up to heptane and then declining in 
activity 

The following quantiliesof hydrocarbons were found to pnitluce the same toxic 
efrects on mice; * 

0 J77 gram pcnLnne 
0 147 gram heuno 
0 O'* I gram hrptano 
0 037 gram octane 

Octane has about the same toxic effret as l>enzcne. 

‘ Fteuil.inn tnil J Ph-irrvifri (1930), C* .1 ^ 31. 405 (ltV37). 

• ,( nprv . 4 % 3?> ( 1932) . C,.4 „ 26, av*S ( 1 W2 ) 
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The nonvolatile, water-insoluble alkanes are not active physiologically since 
they are not absorbed. It thus appears that the physiological activity of the 
saturated hydrocarbons is dependent chiefly upon their physical properties. 

Bacteria isolated from oil-bearing soil, from abscesses, and from mastitis are 
reported capable of metabolizing all the higher fractions of petroleum hydro- 
carbons, even paiafhn wax; the oiganisms show no diminution of growth after 15 
transfers under kerosene. Respiration studies indicate that long-chain organic 
acids and unsaturated hydrocarbons are formed by such bacterial decomposition.^ 
The most important natural source of saturated hydrocarbons is petroleum. 
The low-boiling compounds, up to butane, arc found in natural gas; the pentane 
and hexane fractions are known as petroleum ether or petroleum benzin; fre- 
quently the heptane fraction is included in ligroin; fractions beginning with 
pentane and boiling up to about 150“ are used as gasoline; the product distilling 
at 150-300° is compositely known as kerosene; the higher-boiling fractions may 
be blended for various lubricating oils or greases, or they may be “cracked" by 
pyrolytic methods for the purpose of augmenting the supply of gasoline. 

The great abundance and economic importance of the petroleum hydrocarbons tend to 
overshadow the natural but limited occurrence elsewhere of the paraffin hydrocarbons. 
Methane is known to result fiom the metabolic processes of lower organisnas. It 1ms been 
obtained by the action of microorganisms upon cellulose and other polysaccharides. 
n-Hcptane has been isolated from Pinxts sabiniann var. Douglas, Finns jeffreyi, and 
PitiospoTum resinifernn; n-nonane from pineweed (false St. John’s wort); n-undecane 
from Pinus excelsa and Finns monlicola; n-tetradecane from Chrysanthemum dnerariae^ 
folium; n-pentadecane in Kaempferia gaJanga; n-hexadecane in rose oil; and n-octadecane 
in Solanwm sodomaeum. Many other hydrocarbons have been reported in plants. Many 
of them are of uncertain composition because of difficulty of exact analysis. The com- 
pounds C2aH46, Cj<Hso. CjsHsi, and CjgHw arc found in the wax from the chrysahs; the 
last is also found in the chrysaloids of the silkworm. Plants also produce long-chain 
hydrocarbons, in tobacco were found compounds melting from 58® to 70°, from which 
have been isolated and identified CjiHet and CmHso; from the cabbage leaf was isolated 
CsjHeo; from the fruit of the PiUosporum undulalum could be identified C35H72; from birch 
buds was obtained CjsHsj; the waxlike coating of the pear yields a small amount of par- 
affins in which Cj^Hso prcdoimnatcs; among the nonsaponifiable products of the non- 
volatile constituents of the cotton plant was found CjsHtj; rose wax consists more than 
half of saturated aliphatic compounds, the following having been identified and isolated: 
CisHss, 0 5 per cent; C-oH^, 8 per cent; 2 per cent; C22H46, 6 per cent; C-aHjs, 

0 per cent; C2 «Hh, 8 per cent, C27HM, 15 per cent; CsoHsj, 6 per cent.* 

The function of these paraffin hydrocarbons in pknts is probably a protective one. The 
fact ^vhich often is particularly stnldng is the presence of compounds with uneven- 
numbered carbon chains; this is quite out of harmony with the observations as to the 
natural occurrence of aliphatic alcohols or of the fatty acids, which are found predomi- 
nantly, if not exclusively, as chains with even-numbered carbon atoms. This suggests that 
the hydrocarbons must be formed from precursors other than the alcohol or the acid. 
The pre'jcnce, for example, of the ketone (CmHtjItCO in cabbage suggests the common 
origin of the ketone and of its companion parafiin C29H60. 

* Bushnell and Haas, J. Daet , 41, 653 (1941), 

« For a more complete survey of the hydrocarbons occurring in plants see Edward Kremers, 
“Phytochemistry III The Methane Series of Hydrocarbons," Bulletin of the UniversUu of 
IPwcoasm, Madison, 1934 
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It is of interest also to note that from human pr^nancy urine, but not from normal 
female human urine, have been isolated pentacosane and heptacosane, C25H52 and C27H8g. 

Products 

Petroleum Benzln, N,F. (Petroleum Ether, Purified Petroleum Benzin), 
b.p 35-80°, is a mixture of hydrocarbons, chiefly pentanes, hexanes, and hep- 
tanes, obtained as one of the fractions from the refining of petroleum. It is not 
used as a medicinal agent, but it is e.\tensively employed as a solvent in the 
extraction of fats and fatty oils in defatting drugs, e g , ergot and digitalis, and 
as an immiscible solvent for the isolation of constituents from drugs and the 
products of syntheses. The commercial benzin emploj’ed in dry cleaning is not 
generally suitable for chemical and pharmaceutical use. 

Kerosene (Deodorized ICerceene) has been used in the manufacture of various 
pharmaceutical and cosmetic products for many years The pharmaceutical use 
of ordinary kerosene was greatly limited by its strong characteristic odor which 
could not be concealed easily and by the presence of unsaturated hydrocarbons 
and other impurities which caused a burning sensation and often gave rise to 
acute dermatitis. There is now available refined kerosene, freed from impurities 
and possessing practically no odor, b.p. about 175-200°. Deodorized kerosene 
can be readily perfumed. The purity and volatility of deodorized kerosene 
make it an excellent solvent for nonvolatile mineral oil in hair oils and brilliantincs. 
Its low surface tension and low absolute viscosity make it a good solvent for 
liniments, antiseptics, hair tonics, and other pharmaceutical and cosmetic prod- 
ucts for e.\ternal use. Ordinary kerosene is extensively used as the solvent for 
pyrethrum flowers and derris root in the manufacture of insecticide and insect- 
repellent preparations. 

Liquid Petrolatum (Mineral Oil, MTiite Mineral Oil, Liquid Paraffin, Par- 
affin Oil) is a mixture of hydrocarbons obtained as a product in the refinement of 
petroleum. It is sold under various trade names, c g., Albolenc, Nujol, and 
Stanolax. Two grades of liquid petrolatum are commonly used in pharmacy: one 
kno^Ti as Lxght Liquid Pclrolatum, N.F., and the other known as Liquid Petrola- 
tum, U.S.P.; they must have a kinematic viscosity of not less than 38.1 centi- 
stokes at 37.8°. The kinematic viscosity is a partial measure of the lubricating 
value of the oils in the intestine. TJic higher-viscosity oils cau.se less leakage 
when they are used as laxatives. The liquid petrolatums used medicinally consist 
chiefly of aliphatic hydrocarbons containing from 14 to 18 carbon atoms. Cer- 
tain oils, notably those obtained from California and Russian petroleum, contain 
cyclic polymcthylene hydrocarbons linving the saturation formula C„H2n. Min- 
eral oils intended for medicinal use arc purified to remove odoriferous sulfur 
compounds, acids, alkalies, and higher paraffins nhich solidify on chilling to 0°. 

Liquid petrolatum administered internally is absorbed only to a limited extent 
and cannot net as a nutrient Excreted unchanged, it serx'es to soften the foccs 
and lubricate the intestinal tract, acting as a mild laxative The oil is partially 
emulsified in the digestive tract, forming an emulsion «ith n capacity for holding 
water and making it resistant to absorption by the bowel. Since the emulsion 
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seems to be of the oil-in-water type, the effect of petroleum oils can be duo in part 
to lubrication and in part to softening of the feces.® The use of mineral oil as a 
laxative is to be discouraged; it interferes Avith the absorption of the oil-soluble 
vitamins; in the habitual user it may interfere with absorption from the small 
intestine; and it reacts unfavorably on the defecation reflex.® 

Numerous products containing mineral oil with other laxatives are used 
medicinally, e.g., liquid petrolatum and agar, liquid petrolatum with agar and 
cascara, liquid petrolatum \vith agar and milk of magnesia, and liquid petrolatum 
with agar and phenolphthalein. These are usually emulsions, flavored and 
sweetened or unsweetened. 

Liquid petrolatum is used also as a solvent vehicle in oil sprays containg com- 
pounds such as thymol, camphor, menthol, and cucalyptol; for materials used in 
dermatology, e.g., iodine, iodoform, thymol iodide; for mercurials; and in many 
cosmetic preparations such as baby oils, cold creams, cleansing creams, liquid 
brilliantines, sun-tan oils, brushless shaving creams, and hair tonics. 

Petrolatum, U.S.P. (Amber Petrolatum, Petroleum Jelly, Yellow Vaseline), 
m.p. 38-60®, is a purified, semisolid, translucent mixture constituted almost ex- 
clusively of saturated hydrocarbons distilling above 300® obtained chiefly from 
paraffin-basQ (Pennsylvania) crudes. It is produced from petroleum fractions 
by successive treatment with sulfuric acid and sodium hydroxide to remove un- 
saturated and odoriferous compounds, by passing air or hot steam through the 
hot liquid to remove volatile hydrocarbons, and by decolorization while still hot 
with charcoal, fuller’s earth, or other agents. The better grades are said to be 
made without the use of drastic reagents. A product of this type first was pre- 
pared by Chesebrough in 1871 and sold under the trade name Va.selinc. Petrola- 
tum is insoluble in water, almost insoluble in alcohol, and readily soluble in most 
organic solvents such as benzene, carbon disulfide, chloroform, ether, and petro- 
leum benzin. Artificial petrolatums have been prepared by dissolving paraffin 
wax in liquid petrolatum. 

Petrolatum is extensively used as an ointment base for such substances as 
boric acid and zinc oxide. It is also used in cosmetics, hair dressings, etc. 

White Petrolatum, U.S.P, (White Petroleum Jelly, ’White Vaseline), is sim- 
ilar to petrolatum in composition and properties. It is simply a product from 
which the color has been adsorbed more completely.^ 

Paraffin, U.S.P. (Petroleum VTax), m.p, 47-G5®, is a mixture of solid hydro- 
carbons obtained from petroleum purified by methods similar to those described 
under petrolatum It is used to raise the melting point of ointments, to impreg- 
nate bandages, and as a protective in bums. 

Prosthesis xs carried out by using jwraffin which has a melting point of about 40°, 
slightly above body temperature. It h melted and injected subcutaneously to correct 

* Goodman and Gilman, The Pharmacological Basis of Therapeutics, 2nd ed.. The Macmillan 
Co , New York, 1955 

* Morgan, / Am Med Assoc , 117, 1335 (1941). 

’ For discussion, WTiite Mmeral Oil and Petrolatum in Pharmaceutical and Cosmetic Prac- 
tice, see Meyer, J. Am Pharm. Assoc , 21, 319 (1935). 
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deformities, e g , as in face lifting. Since these compounds are very slowly absorbed, they 
will remain over long periods of time. ITie results are not permanent, and there is danger 
of embolism; the paraffin is gradually replaced by scar tissue. 


UNSATURATED HYDROCARBONS 
Olefins, Alkylenes, or Alkencs 

It has been shown, in each case studied, that the unsaturated hydrocarbon is 
more active physiologically, i.e., as a hj 7 >notic, than its saturated analog. Thus, 
trimethylethylene is more active than isopentane. The narcotic and toxic ac- 
tivities of the olefins increase with the molecular weight. They also increase in 
direct ratio to their solubility in oil and in inverse ratio to their solubility in water. 
Olefins with more than three carbon atoms in the chain are reported to affect 
circulation partly by stimulation of the vagus, and those with more than four 
carbon atoms cause increased reflex e.xcitability. Experimentation has not 
revealed the fate of the simple olefins when absorbed into the animal system. 
There is reason to believe that they are metabolized in the same way as those un- 
saturated compounds that add on the elements of water at the double bond. 

Olefinic hydrocarbons are found in many mineral oils, but, because of their 
great reactivity, they are present in very small amounts. Some Canadian oils, 
however, are reported to be quite rich in unsaturated hydrocarbons. The lower 
members of the alkene series are available in large quantities as by-products of 
petroleum cracking. 

Ethylene, an important raw material in the chemical industry and used com- 
mercially as a ripening and coloring agent in the fruit and vegetable industry, 
is emploj^ed medicinally because, on being inhaled, it produces general surgical 
anesthesia It undergoes practically no chemical change in the body and is al- 
most quantitatively eliminated in the exhaled air. The patient’s mind clears 
within two to three minutes after administration of the gas is stopped. 

Favorable anesthetic action was observed as early as 187C, but the acutal introduction 
of ethylene into medicine came about In a curious manner In 1903 Crocker and Knight 
observed that ethylene was toxic to carnations and other plants, putting tiiem "to sleep.” 
Naturally the question of the toxiaty of ethylene toward animals arose and prompted 
Luckliardt and Carter (1923) as a matter of academic curiosity to investigate its effect on 


The ancient Ciiinese are knoivn to have softened fruits from their orchards by placing 


hydroli'sis of starch to sugars The grower may jrick the fruit while it is still green and firm, 
ship it long distances, and then ripen the fruit in transit or on arrival by moan? of ethylene. 

Ethylene, U.S.P. (Ethene), CH 2 ^CH 2 , is a colorless gas, bp, -.103°, of 
faint odor and slightly sweet taste. The commercial product is obtained by the 
dehydration of ethanol or from the cracking of petroleum hydrocarbons. After 
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suitable purification, ethylene is compressed into metal cylinders, in which form 
it is available as a medicinal agcnL 

For use in anesthesia the gas is passed into an inhalation apparatus and ad- 
ministered alone or admixed with oxygen. One volume of ethylene is soluble in 
about 4 volumes of water at 0® and 7 volumes of water at 20®. It is also soluble 
in many organic solvents such as alcohol and ether. In the gaseous state and 
when mixed with air in proper proportions (3-34 per cent ethylene), it is explo- 
sive if brought in contact with an open flame or an electric spark. 

Propylene (Propene), CHg — CH=CH 2 , a horaolog of ethylene, is a colorless, 
inflammable gas, b.p. —5®. In its chemical and also its physiological properties 
it is remarkably like ethylene. It is reported to induce unconsciousness in 2 min., 
that the patient recovers consciousness promptly, and that neither mental excite- 
ment nor nausea follows its use. It is usually cmplo^Td in 37 to 40 per cent con- 
centration admixed with air and oxygen. Explosive mixtures withniraroformed 
by 1.7 to 9 per cent by volume of propylene. 

1 “. «- 4. o o 4i .♦ -f 

In the 
as docs 

ethylene; however, it is more costly. 

Propylene is also used in the manufacture of isopropyl alcohol. 

Butenes, of which there arc three isomers, 1-butcnc, 2-butcnc, and 2-mothyl- 
propene, show all the properties of an unsaturated compo\ind. Physiologically, 
all are more potent as anesthetics than either ethylene or propylene, but before 
producing complete anesthesia they first produce a state of excitement. The 
butenes also cause ripening in fruits. 


Diolcflns Or Dienes 

Compounds with two unsaturated bonds may be grouped into three general 
classes; 

1. The allene type. These compounds contain the cumulated double bond system and 
have the general structure R — CH=C=CH — R'. Compounds ha\ing such structure arc 
of theoretical interest, but they are rare 

2 Conjugate double bonds Tlicse compounds have a system of alternate single and 
double bonds which chemically often behave as a unit 

3. Isolated double bonds In these compounds, the double bonds are separated from 
each other by more than one single bond Such compounds possess the properties con- 
ferred by a summation of the indmdual effects 

The presence of a second double bond as in isoprene increases the anesthetic 
activity. 

Butadiene, CH 2 =CH — CH=CH 2 , b p. 1**, is the simplest hydrocarbon w’ith 
a conjugated system. This compound assumed great importance in the synthe- 
sis of rubberlike substances on a commercial scale Because of its conjugate 
structure, it polymerizes readily not only with itself but also with other reactive, 
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usually unsaturated, compounds. It is this reactivity which makes it possible to 
obtain from it the synthetic rubbers. 

Isoprene ( 2 -Methyl-l , 3 -butadiene, Hemiterpene), CH2=C(CH3) — CH=CH2, 
is an important diene or diolcfm, not because of its availability, for in fact it is 
not readily available and its synthe^ is difficult, but because of its apparent 
use in nature to build many of the natural products. This evidently involves a 
controlled polymerization, and often a simultaneous natural oxidation, reduction, 
or other chemical change. Compared to the simple saturated and ethylenic 
hydrocarbons, isoprene is more toxic, a dose of 80 mg. per 10 grams rat weight 
proving fatal after several hours. 


Acyclic Polyisoprenoids 

The hypothetical polymerization of the isoprene unit serves as the basis for 
terpene chemistry, and the isoprene rule has been invaluable in elucidating the 
structure of many natural products, as for example, 
nCsHg (CtHa)„ 


If n = 2, then the product is CtoHie, a diisoprenoid or terpene; if n = 3 , the 
product C16H24 is a triisoprenoid or a sesquiterpene; etc. The ultimate in such 
polymerization is natural rubber. 


Although it is customary to speak of the isoprene unit, this does not mean that isoprene 
itself is the intermediate employed by nature. Experiments nith gua}!!^ indicate that 
in this plant at least the starting point is the acetate ion, which passes through the follow- 
ing biosynthetic sequence ' 

CHiCOO- -> CH,COCH,COOH fJL’Sg?-?. 

CHiCOOH CH, 

OH,— C— OH 0=CH— COOH -» Rubber 

I / 

CHiCOOH CH, 


Ocimene, from the essential oil of Octmum bastlicum, and myreene, found in oils 
of bay, verbena, and hops, are natural examples of open-chain diisoprcnoids or 
terpenes. a-Farnesene is an example of the (C5H8)3 open-chain compound, and 


CHj=C— CH,— CHt CH=C— CH=CH, 

I I 

CHs CHj 

Onmen^ 


CH,— c=cn— CH, CHj 

I 

CH, 

M,Trene 


-C— CH^CH, 

li 


CH, 


phyfanc, of the tetraisoprenoid type. Neither has been found in nature, but they 
are important as the parent hydrocarbons from which important products arc 


» Bonner, /. Ckem Ed , 26, 02S (13t9) 
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structurally derived. It should be observed that in all these compounds the Cs 
CH 3 — C=CH— OH,— CH,— C=CH— CH,— CH=C— CH=CH, 

I I I 

CHj CH, CH, 

n-Farnesene 


CH,CHCH,CH,— CH,CHCH,CH,— CHjCHCHjCH,— OHjCHCHjOH, 

I I I I 

CH, CH, CH, CH, 

Phytan« 


units are joined head-to-tail. 

Squalcnc (Spinacene), C3 qH5o> is an example of an acyclic triterpene. Squal- 
ene is found abundantly in the liver oil of certain species of sharks and to a small 
extent in fresh olive oil and in yeast. It is normally present in sebum (average 
8 . 4 %), earwax ( 3 . 9 %), and hair fat.® Because of its depilatory action it has been 
suspected in the etiology of male baldness.*® Man is able to synthesize it from 
acetate,** and it has been shown to be a precursor in the biological synthesis of 
cholesterol.*® 

Karrer and Helfenstcin *® have synthesized squalcne from famesyl bromide as 
outlined. The s5mthesis of this hydrocarbon from geranylacetono and tetra- 


2CH8— CMe*=CH— CHr-CHj— CMe=CIICHr-CHi— CMe«CH— CHjBr + 2Na -» 

CHj— CMe=CH— CHr-CHi— CMe=CH— Cnr-CHr-CMe=CJr— CH 2 

CHr-OMe=CH— CH,-CHr-CMe=CII— CH,— CHr-CMc=CII— in, 
2,0.10,l5,t9.23«Heiam«tbyI*3,S.10.14.1S.22>t«traea»fthexaene 
8<)ualen« 


methylene bromide was later reported by Schmitt.** The identity of synthetic 
squalene with the natural product has been questioned by Dauben ** who has 
presented evidence that the two are double-bond isomers. 

Lycopene, C40H55, the red pigment in the tomato and the watermelon, is an 
example of an acyclic tetraterpenc. The total synthesis of lycopene from 
pseudoionone ** has confirmed the structure assigned by degradative studies. 
This structure is shown on page 13 in relation to the carotenes. 


Alkines or Alkyncs 

Alldncs are characterized by the presence of the triple bond or acetylenic 
linkage, — C=C — . Although the class is not a large one, it has grown rapidly 
wth the advances in acetylene chemistry. 

* Wheatley, Biochem. J , 55, 637 (1953), C A., 48, 1462 (1954). 

>» Flesch and Goldstone, J. Invest. Dermatol , 18, 267 (1952); C.A., 46, 6747 (1952). 

“ Eidinoff et al , J. Clin. Invest , 33, 333 (1954); CM., 48, 6537 (1954). 

“Woodward and Bloch, J. Am Chem Sm., 75, 2023 (1953). 

“Karrer and Helfenstem, Ilelv Chxm. Acta, 14, 78 (1931). 

“Schmitt, i4nn., 547, 115 (1941). 

» Dauben and Bradlow, J Am. Chem. Soc, 74, 5204 (1952); Dauben, Ilelv. Chim. Acta 36, 
717 (1053). 

“Karrer, Engster, and Tobler, Ilelv Chim Aeia, 33, 1349 (1950). 
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In general, the anesthetic or narcotic effect of alkines is greater than that of the 
corresponding alkanes or alkenes. Acetylene has a more pronounced anesthetic 
action than ethylene, but the toxic side effects are considerably more evident. 

The chemical properties that characterize the triple bond are analogous to 
those of the double bond, i.e., they show all the properties of unsaturation. In 
addition, acetylene or a monosubatitutcd acetylene has a very reactive hydrogen 
atom. This hydrogen is readily replaceable by metals such as sodium and lith- 
ium, giving rise to valuable intennediates for the synthesis of important medici- 
nals. Such methods have been particularly useful in the chemistry of the vita- 
mins A and the carotenoids in general. 

Acetylene, HC^CH, is the simplest and most abundant member of this 
series. It is readily available in sufficient quantities to be useful as a raw ma- 
terial in many chemical industries. Although other methods of preparation are 
used, the classical reaction of calcium carbide with water to form acetylene 
sen’es as an excellent source. 

Acetylene was first prepared by E. Davy in 1839 and in a pure state by Ber- 
thelot in 1849. It is a colorless, fiammable gas with a garliclike odor. Although 
acetylene can be liquefied at 0* under a pressure of about 50 atmospheres, it is 
dangerously explosive when compressed alone. Usually it is dissolved in acetone 
under pressure; 300 volumes dissolve m 1 volume of acetone at 12 atmospheres 
pressure. Pine-oil flavor may be added to medicinal acetylene. The gas is 
usually admixed with oxygen for administration in about the ratio 40 per cent 
acetylene and GO per cent oxygen. 

Acetylene undergoes polymerization reactions, a property which is employed 
to advantage in the commerical preparation of products such as highly chlorinated 
rubber substitutes. 


CYCLIC HYDROCARBONS 

Cycloalkanes 

In general the chemical and physiological properties of the cycloalkanes 
parallel those of the aliphatic hydrocarbons with the same number of carbon 
atoms. However, particular attention must be directed to the added stereo- 
chemical effects, owing to the inability of the members of the cycle to revolve 
freely as compared to the open-chain analogs. 

In ring structures containing from 3 to C carbon atoms, the narcotic properties 
increase with increase in the number of atoms ^nthin the ring. MTien alkyl 
side chains are introduced into a ring sj'stem, the toxicity of the resulting com- 
pounds increases with the length of the side chain up to C to 10 carbon atoms and 
then decreases with increase in molecular weight. The substitution of an ethyl 
for a methyl radical in cyclohexane causes a marked increase in toxicity. The 
introduction of a double bond into the o'cle causes an increase in narcotic and 
toxic activities. The cycloparaffins like the chain hydrocarbons may cause skin 
and mucous-membrane irritation. Little is known about the physiological 
activity of most of the cyclic hydrocarbons. Cj-clohexane has been shown to 
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produce narcosis in rabbits in doses of 0-8 g. per kg. body -weight when given 
intraperitoneally. 

Cyclopropane, U.S.P., is a colorless gas of characteristic odor and pungent 
taste, b.p. -34® and m.p. -127®, soluble in water 1:27 at 0®. It was first pro- 
posed as a promising general anesthetic by Lucas and Henderson in 1929. Since 
that time, it has been used clinically with good results. It has a high oil: water 
partition coefficient of 65 at 35® compared to 13.2 for ethylene and 2-3 for 
acetylene, ether, and nitrous oxide. Only about 18 per cent of the gas is required. 
It is administered in a closed system with carbon dioxide and about 20 per cent 
oxygen. It is reported to be pleasant to take, to cause better muscular relaxation 
than nitrous oxide but not so much as ether, and to cause postanesthetic nausea 
more frequently than nitrous oxide. For convenient use, it is usually supplied in 
compressed form in metal cylinders It is flammable and forms explosive mix- 
tures with air and oxygen. 

Cyclopropane is rapidly absorbed, and practically all is eliminated by way of 
the lungs; only a small amount diffuses through the skin. 

It is prepared from 1,3-dichloropropane in refluxing acetone solution of so- 
dium iodide by an adaptation of the Wurtz reaction. 


CH,— CHiCl 
CHiCl 


CHj 

\ 

CH2 

/ 

CHj 

Cyclopropane 


Cyclobutane, b.p. 13®, may be prepared in poor yield by treating 1,4-di- 
bromobutane udth zinc or sodium, or by careful hydrogenation of cyclobutene. 
It has been examined pharmacologically and found to produce general anesthesia 
on inhalation. 

Among the natural derivatives of cyclobutane are the truxillic acids, diphenyl- 
cyclobutanedicarboxjdic acids, obtained by the hydrolysis of the truxillines, 
alkaloids accompanying cocaine in the coca leaves. See page 469. 

Cyclopentanc and cyclohexane, and their derivatives, are found extensively 
in Russian petroleum and, to a limited extent, in American petroleum. These 
mineral oils are a source for only limited amounts of the pure cyclic hydrocarbons 
because of the impracticability of isolation. 

The six-membered cycles are important since many of the natural hydro- 
carbons from botanical sources and their derivatives belong to this series. This 
is particularly true for many compounds which are derived from the l-methyl-4- 
isopropylcyclohexane or p-menthane skeleton, which may be considered as being 
structurally obtained from 2 isoprenc units. p-Menthane itself does not occur 
naturally but may be obtained readily by the complete hydrogenation of any of 
its many naturally occurring unsaturated derivatives. 
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Cyclic Isopircnoids 

The best-known cyclic hydrocarbons are the mono- and bi-cyclic diisoprenoids, 
most of them with some degree of unsaturation. In these compounds an ethyl- 
enic bond retains its characteristic properties. Many of the natural products are 
structurally derived from the p-menthane, l-methyI-4-isopropylcyclohexane. 

Dipentene, of which the optically active forms are known as (-f)- and (— ) 
limonene, occurs in oils from orange, dill, citron, fir cones, and other natural oils. 
a-Terpinene has been isolated from Coriandrum sativum and Origanum marjoram. 
7 -Terpinene is found in Citrus medica and Conandrum sativum. Crithmene may 
be isolated from oil of samphire. o-Phellandrene composes 80 per cent of the oil 
from water fennel. 



» 10 
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7-T«pu>«ne CKUlmieii# a-Vbefl»adrtoe 
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The bicyclic diisoprenoids, or tcrpencs, are of importance, particularly to the 
chemist interested in natural products, as parent hydrocarbons of many naturally 
Occurring derivatives. These structures are given. 



ThujBBo Cmne PSobjib CwbpIubb a-KaeaB 

a-Pinene is ividely distributed in nature, being present in most of the oils obtained from 
the Coniferae. As the chief constituent of oil of turpentine it has been used from the 
Wrliest times, references to the oil being found as early as tlie thirteenth century. It is 
important for its solvent properties, being widely used in paints and for naval stores. It U 
also useful as a starting material for the sjuthetic preparation of camphor. 

The cyclic triisoprenoids, also called sesquiterpenoids, may be further classified 
into those which aro structurally derived from naphthalene and those derived 
from azulene. 
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Azulene, CjoHs, m.p. 99°, forms blue platelets with a metallic luster. Its 
color, as also that of its derivatives, is ascribed to the system of five conjugated 
double bonds. The structure of the azulenes is established by ring expansion of 
indene derivatives; e.g., for azulene itself the synthesis is indicated. 



NaCHCQOCaHs 



CH— COOCjHs 


Indaa 



AzuUoe 



Chaotfolene 


The first of the natural azure-colored compounds to be encountered in nature 
was chamazulene in camomile oU.*^ It is the ingredient in the oil which possesses 
anti-inflammatory action,'* and produces a beneficial effect in various skin 
afflictions.'*'*® 

None of the naphthalenic sesquiterpenoid hydrocarbons has found acceptance 
as a therapeutic agent. 


Carotenes, hlonocyclic and Bicyclic Octaisoprenoids 

Because of their relationship to the vitamins A, the carotenes are the octaiso- 
prenoids of greatest importance. The carotenes are wdely distributed in nature 
and were first isolated in 1831. Six of these yellow to red pigments have been 
identified thus far and have been designated a, /3, 7 , 5 , e, and f. The carotenes, 
with such a high degree of unsaturation, are theoretically capable of existing in 
numerous cis-irans isomers The natural compounds, however, are all tran&, and 
this spatial arrangement is the most active biologically. The conversion of some 
of the double bonds into the ds structures decreases very appreciably the poten- 
cies of the products." 

‘’Ruzicka and Rudolph, Helv. Chim. Aeia, 9, 118 (1926). 

” Heubner and Albacfa, Arch, exptl Path. Pharmakol, 192, 383 (19391: C.A 34. 2932 
(1940). ‘ ’ ’ 

*• HQler, Z. deut. Parfum., 28, 153 (1942). 

*“ Arnold ti ol., PKarmazie, 4, 220 (1949); C A^ 43, 8064 (1949). 

“Deuel el al. Arch. Bioehem., 7, 247, 447 (1945) 
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The 6tnicturc3 of onlj- a-, 0-^ and 7-carotent'S arc knorni and these are pre- 
sented in their rehitionsliip to lycopene. The preferred metliod of mimbcrinir of 
the carotenes is that supKcsted by Knrrcr. 



I } I i tlnn) U lo ronjurill.m. • tot«| o/ |3 do'iljlo ><onrJi. tio rj dr* 
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T-Carotene, 12 double bond*, of «hich II are conjugated, oae cycle The left hsUiof the molecule in 
capable of actmg aa ntamin A precuraor 


In addition to his brilliant work on the proof of structure of the carotenes, “ 
iCarrer ” hag been able to effect a total synthesis of a-caroteno from a mixture of 
and ^-ionone and ^-carotene from ^-ionone. 


l^arrer and associates, I/elv Chttn Aeta, 1928-1930 
*‘Karrer and Eugster, t6id , 33, 1172. 1952 (1950) 
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Perhaps the greatest single aid in isolating and purif>'ing these natural pigments was the 
chromatograph. The discovery of the prindplc of chromatography is due to Tswett, a 
Russian botanist, who allowed a solution of pigments in a solvent such as petroleum 
benzin, benzene, or carbon disulfide to trickle through a column of adsorbent, e.g., cal- 
cium carbonate. He observed the formation of definite bands in the column, the sub- 
stance with the greatest adsorption affinity at the top, directly below a band of material 
with less affinity, etc. The column was removed, the various rones separated mechanically, 
and the adsorbate removed by an appropriate solvent. If nccessarj’, the process could be 
repeated and further purification achieved. 

This method of Tswett was practically a lost art for nearly a quarter of a century, until 
Willstatter employed it to show that its use makes possible a fine separation between 
related compounds. Thus, in the case of lycopene and the carotenes, l3'copcne, with 13 
double bonds, shows the greatest adsorptive capacity and, hence, appears at the top of 
the column; 7-carotene, with 12 double bonds, appears below Ij'copcne; next comes / 3 - 
carotene since its 11 double bonds arc in conjugation; last is a-carotenc, for, although it 
has as high a degree of unsaturation as 0-carotcnc, only 10 of its double bonds are in 
conjugation. 

Chromatography has become one of tlic most important tools of the modem 
scientist. 

Experiments with C^^HaCOONa and CHaC’^OONa show tliat the sido-cliain 
methyl groups in the aliphatic chain of carotene arc provided exclusively by the 
CHa portion of acetic acid and the carbon atoms to which they arc attached come 
from the carboxyl.*^ 

The relationship of the carotenes to the xanthophylls and the vitamins A is 
discussed in Chapter 3. 

Carotene, N.N.R. (Pro-Vitamin A), C40H56, is a hydrocarbon pigment quite 
^^^dely distributed in nature. Although it exists in several isomeric forms, the 
a, / 3 , and 7 isomers predominate and arc the best known. Good sources arc 
apricots, carrots, broccoli, sweet potato, squash, and many leafy vegetables. 
Dairy products in general are common sources of vitamin-A activity which may 
be regarded as derived from the carotenes. 

Carotene products are assayed biologically in terms of vitamin-A potency. 
Pure ^-carotene, the most important of the isomers, is used as an assay standard ; 
one unit of vitamin-A activity ( 0.3 7 of vitamin A) is equivalent to O.G 7 of 
^-carotene. Most of the carotene products on the market are prepared from 
vegetable sources. 

The crystalline carotene, m.p. 172 - 178 ®, from natural sources is almost taste- 
less and has a slight aromatic odor. It is fat soluble and practically insoluble in 
water. The crystals are readily oxidissed on exposure to air and sunlight and 
should be stored in dark, sealed containers. 

Phytofluene, C40H64) is a colorless polyene hydrocarbon occurring widespread 
in the vegetable kingdom. Chemically it is similar to the carotenes and, indeed, 
is thought to be a precursor of the carotenoid pigments.** 

« Grob and Butler, Ezpeneniia, 10, 250 (1954), C.A., 40, 10796 (1954) 

« Sheng and Sheng, Geneiics, 37, 264 (1952), C.A , 46, 7178 (1952). 
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AROaiATIC HYDROCARBONS 

The term aromatic as applied to oi^nic chemistry has little if any relation to 
odor or aroma. A definition of aromatic hydrocarbons to distinguish them 
clearly from the aliphatic compounds is not readily achieved. The peculiar non- 
reactivity of the double boni in an aromatic compound is their outstanding 
characteristic. Although benzene is unsaturated to the greatest degree possible, 
the low order of activity of benzene compared to that of an open-chain olefin is 
remarkable. This phenomenon is explained by the resonance principle, which is 
based on the theory that any double bond loses some of its reactivity characteris- 
tics when conjugated with another structural unit, thereby making possible 
more than one electronic configuration. 

The most general source of aromatic hydrocarbons is the destructive distil- 
lation of coal and wood. The products probably do not exist as such in these 
materials but are formed during the pyrolytic reaction taking place in the 
distillation. 

The synthesis of aromatic compounds from nonaromatic intermediates is 
primarily of theoretical interest because of the light it sheds on the structure and 
behavior of benzene and its horaologs. Syntheses nithin the series of aromatic 
compounds are of particular importance in pharmaceutical chemisto’ 
mentioned as occasion requires. j- x -u i, j 

Benzene, benzol, b.p. 80*. does not occur naturally, but is V7dely distributed 
in the form of its derivatives which cover a vast group of medicinal chemical. 
The physiological action of benzene, toluene, and xylene have been studied in 
considerable detail because of their use in industry and the danger to workers 
exposed to their vapors over long periods. Industrial poisoning caused by pro- 
longed exposure in an atmosphere contaminated by such compounds may (ause 
profound action on the central ncrv'ous s>'stcm, and, m high concentrations, 
death may follow. Workmen unduly exposed to the vapors of these hydro- 
carbons show a decrease in both red and wliite corpuscles 
About 50 per cent of absorbed benzene is excreted through the lungs. How- 
ever, the remainder is oxidized to phenol and polyhydro-vjj^ benzenes «hich are 

detoxified by coniugation with sulfuric and glucuronic acids. 

Benzene, toJj, and xylene, particularly the last two are ftcnuently cm 
ployed as laboratory antiseptics and prcscrvuttives, and they arc parasiticides 

lor mites, lice, fleas, etc. . *urx nn.UKr* 

The introduction of an alkyl group into benzene increases 
activity increases ^rith the length of the alkyl chain. i pthvlbonzcnc 

benzene are progressively more active than benzene, o , *},p 

When two alkyUroups am introduced into the ™\''' 

activity decreases, especially if the groups am atljncen , .g , ' 

one-ntth as active and p-xylene is about onc-third os aclii e ns lolucn . 

V., J . abundantly in coal tar It is 

vf.) ' '?„ristic*odor It 

Volatile and possesses a charactcnstic oaor. it 
** I’ortoous and tVilliams, Diochtm / , 41, SC (IWO) 
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industrial germicide and antiseptic. It is used extensively in the manufacture of 
phthalic acid and in the preparation of dye intermediates. Depending on con- 
ditions, naphthalene may be hydrogenated to the tetrahydro or the dccahydro 
derivatives, known as tetralin and decalin, respectively. These hydrogenated 
compounds are used as solvents for extraction purposes. 


/CH m 

HC7 

1 II 1 

HC6 

^CH CH 

HC'^ XH2 

1 II 1 

CH2 ^CH2 

HgC ^CH '^CH2 

1 II 1 

^CH CH2 

H2C. ^CH ^CH2 
CH2 CHj 

Naphthalene 

Tctrahydronaphthalene. 

tetralm 

DKahydronaphthalene, 


If hydrogenated naphthalene compounds arc heated with elemental sulfur, or 
better still with elemental selenium, the aromatic compound is again obtained. 
Such dehydrogenation is of great importance in establishing the structures of 
many naturally occuring polycyclic hydrocarbons, particularly of the sterol 
derivatives and the cyclic polytcrpenes. 

Anthracene, Ci 4 Hio, m.p. 218® and b.p. 354®, is found in the higher-boiling 
fractions of coal tar. Its structure is that of 2,3-benznaphthalene. Its formula 
and the method of numbering are indicated. Anthracene is not used in medicine, 



but some of its derivatives have some medicinal importance and others arc widely 
used in the dyestuff industry. 

Phcnanlhrene, m.p. 99.6® and b.p. 340®, is also found in coal tar and is 
undoubtedly formed during the destructive distillation. Its structure is that of 
1,2-benznaphthalene. Although phenanthrene has value in dye chemistry and 
industry, the pharmaceutical chemist is interested in the medicinal products 
structurally derived from it. The phenanthrene ring system appears naturally in 
various stages of hydrogenation and substitution, e.g., in morphine and more 
particularly in the steroid compounds. The sterols and sterol-like substances are 
characterized by the carbon skeleton found in 1,2-cyclopentenophenanthrene. 
The accepted method of numbering the carbon atoms is indicated in the ac- 
companying formulas It will be noted that the convention adopted for the 
sterol skeleton does not follow that employed for phenanthrene. The sterol 
skeleton, present in natural products such as cholesterol, ergosterol, cardiac 
aglycones, sex hormones, etc., having a carbon chain substituted at position 17, 
when heated with elemental selenium or sulfur is converted into 3'-methyl-l,2- 
cyclopentenophenanthrene, frequently spoken of as Diels’ hydrocarbon. 

Hildebrandt studied the influence of hydrogenation upon the physiological 
action of phenanthrene derivatives His results show that the toxicity diminishes 
almost logarithmically wdth the degree of hydrogenation.*^ 

” Arch. exrAl Path. Pharmakol, 59, 140 (1908), 
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3’>Xtrl)<;1-],2'0'fIop«nt(nep)ienanlh]’fne 
cr Diels’ hydrocsrbon 


Carcinogenic Hydrocarbons 

There has been widespread interest in the cancer-producing activity of certain 
polynuclear aromatic hydrocarbons. This interest resulted from the observations: 
that repeated applications of certain coal>tar fractions to the ear skin of rabbits 
might cause cancer; that industrial workers who were frequently in contact with 
coal tar were especially susceptible to skin cancer ; and that certain bile acids could 
be converted in vitro to the carcinogenic hydrocarbon, mcthylcholanthrene, I. 

The careful fractionation of coal-tar concentrates followed by a study of the 
carcinogenic activity of the purified hydrocarbons reveals that all are derivatives 
of benz[o]anthraccne, IV. Benzo[clpyrcne, II has been isolated and identified as 




II 




IV 
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an active carcinogen from coal tar. Dibcnz(a,AJanthracene, III was the first 
cancer-producing hydrocarbon obtained by S 3 mthetic methods. It has been 
found that derivatives of benz[a]anthracene having a substituent at position 7, 8, 
or 12 are potent carcinogens. 

The polycyclic hydrocarbons have been used to induce experimental cancer in 
mice under controlled conditions so that all stages of the growth can be observed 
and examined. When cancer is produced in animals under controlled conditions, 
possible curative agents can be tested advantageously. 


Larger Cycles 

Interest in larger cycles having a closed conjugated sj'stcm led to the synthesis 
of cyclobctatetraene by Willstatter in 1913. Further progress in this direction 
was made by Reppe and his co-workers who synthesized cyclobctatetraene by 
means of the polymerization of acetylene in the presence of nickel catalysts. 

Many of the reactions of cyclobctatetraene result in rearrangement of the car- 
bon skeleton, which led to the erroneous conclusion that it existed in several 
forms. The physical and chemical properties of cyclobctatetraene are consistent 


CH=CH 

/ \ 

HC CH 

II II 

HC CH 

\ / 

CH=CH 

CycloScUttmene 


with the 1,3, 6, 7 conjugated double-bond, eight-membered ring sj-stem. How- 
ever, its chemical reactivity shows it to be olcfinic in character and to have little 
of the resonance stabilization characteristics of benzene. 

Cyclodecapentaene and cyclododccahcxaenc have also been obtained following 
the polymerization of acetylene. 

” Copenhaver and Bigelow, Acetylene and Carbon Monozide Chemistry, Remhold Publishing 
Corp.,N.Y.,1949,p 177. 



Compounds Composed 
of Carbon, 

Hydrogen, and Halogen 


Replacement of one or more of the hydrogen atoms of the various hydro- 
carbons by one or more of the four halogens, fluorine, chlorine, bromine or iodine, 
gives rise to a host of new organic compounds. Nature produces very few com- 
pounds that contain halogen atoms as substituents. Fluoroacetic acid, chloram- 
phenicol, and thyroxine are, therefore, representatives of types of substances 
fare in nature. As presently kno\vn all the rest of the halogenatcd compounds 
are available only from sjmthetic sources. As a group, they do not hold a prom- 
inent place in modem internal medicine, except for certain members that have 
found \vide use as general anesthetics and anthelmintics. They find additional 
use because of their favorable solvent properties; for example, for the application 
of pesticides. 


DioLOGiC/VL Acrnm’ 

Except for the few instances noted later under tljc individual compounds, the 
physiologically useful members of this group are those containing chlorine. From 
the medicinal standpoint they may be considered in three principal categories. 


Ilj-pnolic Activity 

Hydrocarbons possess narcotic acthdty, but the halogenatcd h3’drocarbon.s 
^ve this activity to an increased degree. The greater the extent of halogcnation 
the greater is the hypnotic activity. As a rule, the clJorino-substitutcd products 
19 
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are more active in this respect than the analogous bromine compounds, and these, 
in turn, are more elective than the iodine derivatives. 

The tojdcity of the chloro compounds seems to be related to the number of 
chlorine atoms and to the ratio of chlorine to carbon atoms in the molecules. 
When methane is converted successively into methyl chloride, methylene chlo- 
ride, chloroform, and carbon tetrachloride, the toxicity and the anesthetic activity 
of the compounds increase to the maximum in carbon tetrachloride. The chloro 
derivatives of ethane also show increasing activity as anesthetics and become 
more toxic as the number of chorine atoms increases. Ethyl choride produces 
general anesthesia when given mixed with oxygen or air by inhalation. Tlie 
dichloro derivatives are also anesthetic and better tolerated than chloroform; the 
ethylidene compound, CH3— CHCl^, is slightly less toxic than the 6>Tnmctrical 
compound, CH2GI— CH2CI. Trichlorocthnne, CH2Cl-~CnCl2, produces a deep 
anesthesia when administered under proper conditions. Hcxachlorocthane, a 
solid, when administered by injection in an oil emulsion or by inhalolion of its 
vapor causes narcosis, shounng that the activity continues after all the hydrogen 
atoms in the molecule have been replaced. 

Narcotics have been used since antiquity to deaden pain, but aafe anesthesia ns we 
know it today was introduced about a cenluo* ogo. Credit for its introduction must be 
divided among several men. In 1709 Sir Humphry' Da\y, annotincing the nnestheUe 
properties of laughing gas, suggested: "As nitrous oxide in its extensive operotion appears 
capable of destroying pain, it may probably bo used with advantage during surgical 
operations in which no great effusion of blood takes place.” In 1842 Cmwford W. Long, of 
Jefferson, Georgia, administered ether as a surgical anesthetic. However, his results were 
not sufficiently publicUed to attract general notice. Horace Wells, a dentist in Hartford, 
Connecticut, \vitnessed a public demonstration of the effects of nitrous oxide in December 
1844. Observing that it produced insenribility to pain, on the next day he had a tooth 
extracted while he was under the infiucncc of the gas. The opemtion was a success, and 
he gave it wide pubUcity, which resulted in the introduction of the gas into dental prac- 
tice in Hartford. In 1845 Wells tried ether but thought it inferior to nitrous oxide. In 
January 1845, Wells gave an unsuccessful demonstration of anesthesia in Boston. This 
apparently discredited nitrous oxide until its reintroduction by Colton in 1SC3, whose 
6rst demonstration had induced Wells to try the gas on himself. 

A Tlrts.+rtT, PViorloo T ..f 1C«1 to 


tember 1846. A month later a perieet demonstration of Its value in surgerj’ was given by 
J. C. Warren at the Massachusetts General Hospital. 

“Chloroform parties,” at which the guests would sit around a bowl of chloroform until 
they toppled unconscious to the floor, were becoming quite common in England. From 
this the use of chloroform in suigical anesthesia was a logical development. Simpson 
first used it on man in 1847. 

One of Simpson’s patients was Victoria, on whom he used chloroform during the delivery 
of the royal children. It is reported that the Queen was criticized on the basis of a passage 
in Genesis 3 16 (In sorrow thou shall bring forth thy children) ; Simpson retorted that the 
first surgical operation of record, when "the Lord caused a deep sleep to fnU upon Adam,” 
was performed under surgical anestheaa. 

The inhalation anesthetics, such as chloroform and ether, are physiologically active, 
not by virtue of any chemical reaction with the protoplasm, for they are excreted un- 
changed; rather they act by the phyrical and colloidal changes produced in the lipoids of 
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the nerve tissue when they are dissolved in the fats. In compounds of thb tj^pc the 
physiological actmty Ls proportional to the solubility in oil to the solubility in A\ater 
ratio. This is known as the Meyer-Overton theoiy; see page 520. 


Anthelmintic Activity 

An e.xtcnsive series of c.\perimenls was carried out by Wright and SchafTcr,'-* 
who attempted to correlate anthelmintic actunty with the chemical constitution 
and physical properties of the compounds n-propyl chloride, n-butyl chloride, 
n-amyl chloride, n-hexyl chloride, 2-chlorobutaDC, 2-chloropcnfanc, 3-chIoropcn- 
tane, fcrf-nmyl cliloridc, cthylidene chloride, n-butylidcnc cliloride, propylene 
chloride, trimethylene chloride, amj'Icne dichloridcs, 1,2,3-trichloro-propanc, 
trichlorocthanc, fi-tetrachlorocthane, pentachloroctlmne, and trichloroethy- 
lene. They found that correlations between activity, structure, and prop- 
erties were not always clear. Certain conclusions may be drawn from their 
work, namely: (1) Increase in the length of the carbon chain : (a) in n-monochloro 
compounds docs not lead to a progressive increase or decrease in activily but 
n*lie.xyl cliloridc is more cfToctivc than n-amyl chloride; (6) in secondary mono- 
chloro compounds the activity increases, e.g., 2-ehloropcntanc is almost five 
times as olTcctivc a.s 2-chIorobulanc in removing hookworms from dogs; 
(c) in n-dichloro compounds with two chlorine atoms on the terminal car- 
bon, the activity increases. (2) Content and distribution of chlorine atoms in the 
molecule: (c) addition of a chlorine atom to a carbon bolding one or more chlorine 
atoms doc.s not lead always to incrca.«ed activity; (6) increase in the chlorine con- 
tent of the molecule does not liave a constant influence on activity; (c) isomeric 
compounds difFer greatly in activity. (3) Water solubility; (a) optimum activity 
is given by compounds iiaving a water solubility rWtliin the range bctaecn J;5300 
and 1:1250; (b) compounds more soluble than 1;1000 in water have little anthel- 
mintic activity; (c) water solubility is (be factor most definitely a.ssociated uith 
the anthelmintic activity in the halogcnated hydrocarbons. (•!) Tlicre is no 
correlation betwen anthelmintic action on hookworms and ascarides. 

Jodo and hromo compounds ncrc found to he more irritant to the gastro- 
intestinal tract than (he corre.sponding chloro compound'*. The elTcclh cne.''.s of 
the iwlo and hromo compounds w influenced al«o by their water solubility, the 
optimum effect living obtainetl with tlwc soluble 1 : 1700 to 1 : 1000. 


In^rrticblnl Aclitlly 

Tlie h.ilogen.'iletl hydrocarbons liavc found perb.ips their grtatc^t iniport.nnre 
in the bro-ul field of in«'eclieu!cs. Since they art* plentiful and rel.atl\rly chiap, 
Mieh compounils arc vidcly accepted by public bealth ncenriM in tluir figlil 
ag'iin-l the mo^t common in«ect pests, flies and 

Attempts to r.«tab!idi a Iheoo* of jnvH:tichIal action liaie l^'-en h.smj>crr»l liy 

16, 107 (IW9). IS, 44 (IC3I). 

’.Ir, J //»-, 16,32i (1033). 
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many difSculties. Variations in the susceptibility of different species, methods of 
application of the insecticide, as well as the complex nature of insect physiology 
are some of these obstacles. However, some generalizations have been formu- 
lated in the class of contact insecticides. Sexton * has proposed that a contact 
insecticide must possess a certain degree of lipoid solubility contributed by the 
molecule as a whole but which may be attributable to a particularportion of the 
compound. This fat solubility enables the chemical to penetrate the cuticle of 
the insect. A second requirement for insecticidal activity is the presence of a 
toxic group, i.c., a grouping that causes combination ^rith a vital cell constituent. 
An optimum degree of chemical reactivity is necessary for maximum biological 
potency. Finally, the correct balance between these two factors, physical and 
chemical, must be attained since one is useless without the other. 


FLUORINE COMPOUNDS 

Use has been made of the liigh toxicity of inorganic fluorine compounds as 
poisons against roaches, rodents, and other sin^ilar houshold pests. In low con- 
centrations in drinking water, moi^anic fluorides arc thought to prevent dental 
caries in children. Organic fluorinated hydrocarbons arc much less physiologically 
active than even the parent hydrocarbons. This is generally e.xplaincd by the 
fact that the fluorine in an organic molecule is so firmly bound to carbon that 
little ionization occurs. Substitution of fluorine for chlorine in the methane 
series decreases toxicity, and the anesthetic activity is destroyed. Thus, flouri- 
nated hydrocarbons offer little promise as volatile anesthetics.* 

On the other hand, the nontoxic properties of the fluorine Iiydrocarbons 
coupled with their useful physical properties have given rise to a series of com- 
pounds known as Freons. Tlie most important of these is Freon 12, dichloro- 
difluoromethane, CI 2 CF 2 , which because it is an easily liquefiable gas is used 
extensively in refrigeration. Freon 11 (fluorotrichloromethane) as well as Freon 
12 are used as propellants in aerosols for spraying cosmetics and insecticides.* 


CHLORINE COMPOUNDS 

Chlorinated hydrocarbons are widely used as solvents, and they play an im- 
portant role in many industrial processes from chemical manufacture to drj' 
cleaning of clothing 

Methyl Chloride mixed with ethyl chlonde and ethyl bromide has been used 
as a general anesthetic. When the gas is compressed it forms a colorless liquid 
having an ethereal odor and a sweet taste. Upon evaporation, it produces a 
temperature of about —23*’, and when the evaporation is increased by a current 
of air a temperature of 55® can be attained. It is used to a limited extent as a 

* Sexton, Soc Expll. Biol. Symponum No. Ill, 1949, 1, Chem Soc. Quart Rev 4. 272 
(1950). 

* Lu, Ling, and Krantz, Anesthesiology, 14, 466 (1953). 

‘ Pantaleoni, Am. Perfumer Essent. Oil Rev., S8, 425 (1951). 
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local anesthetic applied on cotton or sprayed onto the skin, but, because it may 
cause blisters unless used ^nth caution, it is mLved with ethyl chloride. 

i\Ictli}lene Chloride is an excellent solvent for fats and rclate<l compounds. 
It has been used to a limited extent as a general anesthetic by inhalation but it 
ha.s a depressant action on the heart and respiratorj' function, increases the se- 
cretions from the tracheal and bronchia! mucosa, and in general is considered to 
be less cflicicnt than chloroform. 

Chloroform, U.S.P. (Trichloromcthane), CfICIs, was first prepared simul- 
taneously and independently in 1831 by Liebig in Germany, Souberian in France, 
and Guthrie in the United States. Its formula was established by Dumas in 
1835. The chief methods for its preparation arc: • 

1. The haloform reaction on ethanol or on acetone: 

CIIj— CHOn— R + NaOCl CH*— CO— R + NiiCl + HiO 

CHj— CO— U + 3NftOCl CCI,— CO— II + SNaOH 

CClj— CO— R + NaOH CllCh + R-COONn 

In the equations U may be H— or CHj— . In practice the three reactions occur 
bimultancously. 

2. ’flic photochlorination of methane: 

CII, ^ CJlCh + 31ICI 

Chloroform, b,p. 01.2®, is a colorless liquid wUh a rharacteri’'tir, ethereal otlor 
and a burning, sweet taste. It dis-^olvcs .‘.lightly in water (1 :210) but it is mls- 
eil>lc with alcohol, ether, petroleum benzin, benzene, and fixwl and volatile oiN. 
Its vapors arc nonflammable. It i^ tisc<l o\fenrivcly as an industnal soh cut for 
resins, rubber, fats, icxline, an<l many organic compounds. 

Willi chloroform, an open flame or atmo'-pheric <)\g.veii, m the presence of light 
and moisture as cataly.st.s, can cause oxidation to trichloromctlianol, nml the 
nibsc(\upnl elimination of UCl forms phosgene us indicated by the aceompanying 
equations. Since phosgene is very toxic, clilorofonn for anc'tlic.'.ia must Ik? frix? 

2CHCIi + Oj -* 2CCIjOH 
Cl 

/ 

cchoii — c-o-i- iin 

\ 

Cl 

of thi'« pubstnnee. The formation of phosgene is pre\rnte<l by pn-setwing the 
bquul 111 Kinall. wcll-riIIe«L tightly ►topi>»’risl cans or bottles. Small amounts of 
etliiiiiiil, I jHT cent or U*s.s, max Ik* a«blc<l tocliininatr an> plio'gcno fonnisj a** the 
innocuous ctbj 1 carbonate 

*n.| \ftn c/ TreU/^'-vy. IfU.-ncirfjnr 

t-sh,, I„r . .NVw loi'i. 3. P SI3 
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Chloroform has many disadvantages as a general anesthetic. It has a de- 
pressant action on the heart and rcspiratoiy center, causes renal irritation and 
depletion of the alkali reserve (bicarbonate) of the blood, etc. Consequently, it 
has been replaced to a considerable extent by other general anesthetics. 

It is used in the form of a saturated aqueous solution and in spirit of chloro- 
form as a hypnotic and flavor, in troches and lozenges as a cough sedative, and 
externally in liniments as a countcrirritant. 

Carbon Tetrachloride, N.F. (Tetrachloromctlmnc), CCI 4 , b.p. 70-78®, is 
manufactured by the action of chlorine upon carbon disulfide, a trace of iodine 
being used as catalyst, 

CSj + 3CI1 -» CCI4 + SiCli 
CSi 4* 2S,CU ecu + 6S 

Carbon tetrachloride is a colorless, mobile liquid liaving a cliaracteristic odor 
quite similar to that of chloroform. It is practically insoluble (1 :2000) in water, 
and miscible with alcohol, chloroform, ether, benzene, and practically all organic 
solvents. It is a good solvent for fixed and volatile oils. It is widely used as a 
solvent. It is nonflammable, and because of its heavy vapors it is finding nido 
use in fire extinguishers. However, its disadvantage as a fire extinguisher, 
especially in confined quarters and a large flame, is the fact tlmt it forms poison- 
ous phosgene, COCU. Carbon tetrachloride also possesses anesthetic properties 
just as does chloroform, but the narrow margin between the cfTcctivc and toxic 
doses makes its use dangerous. This compound is a very cfTcctivc and inexpensive 
agent for the treatment of hookworm; a single dose of 3-5 cc. followed by purging 
has proved highly effective. Although tlic anthelmintic dose is much Ics-s tlmn 
the ordinary toxic dose following oral administration, some danger is connected 
with its use. If it is absorbed, it produces liver necrosis and kidney damage, 
especially if the patient suffers from calcium deficiency. 

Ethyl Chloride, U.S.P. (Monochloroelbanc, Kclcnc), was first tried on 
animals in 1847 and in the following year was used surgically by Heyfeldcr; then 
it lay neglected until 1895. It is prepared commercially by the addition of hydro- 
gen chloride to ethylene in the presence of aluminum chloride*. 

CH^CH, + HCI CH.CH,C1 

Ethyl chloride is a colorless gas at ordinarj- temperatures, but it can ho con- 
densed to a colorless, mobile, verj' volatile liquid at low temperatures or under 
pressure, b p. 12-13 . It is slightly soluble in water and is readily soluble in 
alcohol or ether. 

Ethyl chloride is employed to some extent as an external local anesthetic. A 
stream of it is directed onto tissue surfaces rapidly enough to freeze the tissue, 
thus causing temporary insensitiveness to pain. 

All the alkyl hahdes, especially all chloro and bromo derivatives, that boil be- 
tween 25 and 50 act as narcotics. Ethyl chloride mixed ivith ethyl bromide has 
been used as an anesthetic under the names of Narcoform and Somnoform. 
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Other members of the halogenated hydrocarbon series, although possessing 
narcotic activity akin to that of chloroform, are not used medicinally because of 
their unfavorable side reactions. In fact, even chloroform is losing favor among 
anesthetists because of its deleterious action on the heart. 

Ethylene Chloride (1,2-DichIoroethane), CH2CI — CH2CI, has anesthetic ac- 
tivity resembling that of chloroform, but it has been reported that, 10 to 12 hr, 
after narcosis, a corneal film appears which persists for several months. It is 
extensively used as a solvent for fats and as a spotting agent in dry 
cleaning. 

Ethylidene Chloride (1,1-DichIoroethane), CH3 — CHCI2, is reported to pro- 
duce rapid induction and rapid recovery when used as an anesthetic but it pro- 
duces also an unfavorable effect on the heart. 

hlcthylchloroformy CH3CCI3, compares favorably with other anthelmintics 
for dogs. A dose of 0.1 ml. per pound is adequate for the removal of ascaris; a 
dose of 0.3 ml. is necessary for the removal of hookworms.^ 

Trichloroethylene, U.S.P. (1,1,2-Trichloroethene, Trilene), CHCl=CCl2, 
made by passing tetrachloroethane over pumice at 400-500° ,with the removal of 
the elements of HCl, is a veiy stable compound, b.p. 88°. Its properties are 
similar to those of chloroform. It has been used to a limited extent as an anesthe- 
tic by inhalation. In the liquid state, it is very irritant to mucous surfaces. It 
is peculiar in that it seems to exercise a highly selective and strong anesthetic 
action on the trigeminal nerve These properties have led to its use in trigeminal 
neuralgia. 

In conjunction with nitrous oxide and oxygen, trichloroethylene has been 
found useful for prolonged dental procedures in children, the mixture producing 
a pronounced analgesic effect.* 

In man, the dog, and calf it was observed that the major portion of admin- 
istered trichloroethylene is eliminated in a manner not accounted for; small 
amounts appear in the urine as trichloroacetic acid and trichloroethanol, CCI3- 
CH2OH; no chloral was detected.® 

Tetrachloroethylene, U.S.P. (Ethylene Tetrachloride, Perchloroethylene), 
CCl2=CCl2, 'vith trichloroethylene is prepared from acetylene Acetylene is 
allowed to react with chlorine to form tetrachloroethane. This chlorination re- 
action is preferably carried out in the presence of some carrier, e.g., antimony 
pentachloride, which overcomes the explosion hazard of working wth acetylene. 
Treatment of tetrachloroethane with lime forms trichloroethylene. This may 
be converted into pentachloroethane, which, in turn, on treatment with lime, 
forms tetrachloroethylene. 

It is a nonflammable, relatively unstable liquid, b p. 120 8°, which like chloro- 
form may give rise to phosgene on decomposition upon exposure to air, moisture, 
and liglit. It is insoluble in water and soluble in most organic solvents, 

’ Enzie, Ptoc. Iltlmtnthol. Soe iroiA , D C., 12, 24 (1945) 

*Yem, Teuscher, and Karp, Quart Bull Northwatem Unto Med. School, 26, 180 (1952); 

C A , 46, 11455 (1952) 

* Sero and Schulte, Proc. Soe Exptl Biol. Med., 90, 314 (1055), C.A., 50, 2853 (1950) 
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This compound was discovered by Hall and Shillinger to be equally if not 
more effective against hookworms than carbon tetrachloride. It is considered 
less toxic than carbon tetrachloride. Tetrachloroethylene is usually administered 
in soft gelatin capsules. 

Gamma Benzene Hexacliloride, U.S.P. (Hexachlorocyclohexanc, “CGG”), 
CeHgCle, is a mixture of stereoisomers formed by the addition of chlorine to 
benzene under the influence of actinic light. Seven of the eight expected isomers 
have been characterized.” Of these the 7 -isomer, which represents about 12 
per cent of the product, alone is a highly active insecticide. Also known as 
Gammexane or Lindane, this isomer is useful against scabies and valuable 
against cockroaches. Material containing 99 per cent of the 7 -isomer has a less 
musty odor. 

7 -Hexachlorocyclohcxane is not isostcric with inositol;'^” therefore, earlier 
attempts to explain its insecticidal activity as a possible antagonist to inositol 
appear unwarranted. 

Toxaphene is a complex mixture of compounds resulting from the chlorina- 
tion of camphene until the product contains 67 to C9 per cent chlorine.” It is 
an amber waxy solid having high insecticidal activity. 

Chlordane (l,2,4,5,G,7,8,8-Octachloro-2,3,3a,4,7,7a-hexahydro-4,7-methano- 
indene) is one of a group of highly chlorinated hydrocarbons possessing excellent 
insecticidal properties. As indicated, this chemical is made by the Dicls-Alder 
addition of hexachlorocyclopcntadicne and cyclopentadiene to form a product 
that is in turn farther chlorinated. The commercial material is a mixture of the 
stereoisomers. 



Aldrin (5,G,7,8,9,9-Hexachloro-I,4,4a,5,8,8a-he.xahydro-l,4,5,8-dimethano- 

naphthalene) is prepared by the Diels-AIder addition of hexachlorocyclopenta- 
diene vAth bicyclo-(2,2,l)-hcpta-2,C-diene. Epoxidation of Aldrin produces 

North Am TVfnnanan, 6, 41 (1925) 

•* Kolka, Orloff, and GnfEng, J Am Chem. Soe 76, 3840 (1954) 
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Dieldrin. Both of these products are considered highly effective pesticides. 
Dieldrin has been found particularly useful against a wide variety of lawn pests. 



Aldnn Dieldnn 


BRO.'MINE AND IODINE COMPOUNDS 

The bromo and iodo derivatives of the hydrocarbons are not used extensive!}' 
as medicinal agents. 

Methyl Bromide, CHaBr, was first used as a fumigant in France in 1932. 
It is a gas, at ordinary temperature, h p. 4.5®, which readily penetrates to all 
surfaces being treated. It is not harmful to plants and may be used to fumigate 
clothing, vegetables, plants, dried fruits, seeds, grain, etc. It is toxic to many 
pests and has been used for their control, c.g., lice, root-knot nematodes, red 
spiders, the lar\'ao of Cydia molcsta and Carpocapsa pomoncUa, and certain species 
of scale insects. 

Ethyl Bromide, CH3CIl2Br, b.p. 38-^0®, closely resembles ethyl chloride in 
its properties. It has been used os nn anesthetic by inhalation but chicily os a 
local anesthetic in the form of a spray for minor surgerj’ and neuralgic pain. 

Bromoform (Tribromomethane), CIIBrj, clo«!ely resembles chloroform in 
properties and activity but since it is much less volatile, b.p. l•18-150^ it is not 
suited for use as a general anesthetic. In the p.ast, it nas used as a sedative in 
« hooping cough, seasickness, and asthma, but more ciTectivc sedative agents 
have replaced it. 

Mclhjl Iodide, CII3I, Im.s been used succcs.sfully in fumigating against var- 
ious inscct.s but it is too expensive to be practical for such purpo'^cs. 

Iodoform, N,F. (Triiodomcthanc), CIII3, was discoxcred by Serullas in 1822. 
It.s constitution was cs.tabli.shed by Dumas, who, unlike his predecessors, did not 
overlook the small amount (0.25 per cent) of l^'drogen present. 

Iodoform is usually prcparcti in the laboratory’ by heating ethyl alcohol or 
acetone with a solution of sixlium hypoioditc (lodmc dissolved in suOicient alkali 
hydroxide or carbonate to decolorize the iodine). * 

CIIjCIIjOII + SI + flXnOU -♦ cm* + IICOONa + 5NaI + 11,0 

This reaction is so delicate that yellow crj-stnls having the chamclerisiic iodo- 
form odor arc obtainable (on .standing 12 hr.) from alcohol, acetone, isopropyl 
alcohol, acetaldehyde, and most compounds containing llic Clla — CO — group 
in dilutions of about 1 to 20,000 when concentrations of nxigcnts are controllcxl 
Methyl alcohol ilocs not give this reaction, and so this test provides a method 
of distinguishing between nictliyl and ethyl alcohol. 
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Industrially, iodoform is made by the electrolysis of a solution containing 
alcohol, alkali, iodides, and carbonates. Free iodine is formed at the anode and 
reacts vdth. the carbonate and alcohol. 

Pure iodoform crystallizes in small, glistening, hexagonal, yellow plates having 
a very characteristic persistent odor. It melts at about llS®, sublimes readily, 
and is volatile wth steam. It is practically insoluble in cold water, slightly sol- 
uble in alcohol, and readily soluble in chloroform and ether. 

Iodoform is used as an antiseptic in the form of a dusting powder for wounds, 
in suppositories, etc. Its antiseptic value is thought to be dependent upon the 
liberation of iodine by proteins and acids. Because of the disagreeable odor of 
iodoform, it has been largely replaced by other medicinal agents. 


IIALOGENATED AROMATIC HYDROCARBONS 

Halogenatcd aromatic compounds exhibit no anesthetic or narcotic activity. 
Chlorobenzene is much more toxic than benzene. p-Chlorotoluene is much more 
toxic than toluene or m- or o-chlorotoluenc. The introduction of a chlorine or 
bromine atom into the side chain as in toluene or xylene forms lachrymatory sub- 
stances, e.g., benzyl bromide. An increase in the number of halogen atoms in 
the benzene ring decreases the activity and toxicity, probably because of de- 
creased solubility. Thus 1,4-dichlorobenzcnc and 1,3,5-trichIorobenzcne are 
relatively nontoxic. They arc somewhat irritant and have some antiseptic 
activity. 

Dichloricide (p-Dichlorobcnzene), m.p. 53®, b.p. 174®, is a white, crystalline 
solid of characteristic odor. It is insoluble in water and readily soluble in organic 
solvents. It is used in veterinary medicine in the form of ointments to treat itch 
and in solution to spray on wounds as an antiseptic, and to kill lice and other 
vermin. It is extensively used to destroy moths and their larvae, to preserve 
furs and woolen goods from attack by insects, and to kill roaches, peach-tree 
borers, etc. 

Chlorophcnothanc, U.S.P, (DDT, Dichlorodiphenyltrichloroethane, 1,1,1- 
Trichloro-2,2-(f)is-p-chlorophenyI)ethane), m.p. 108-109®, was first prepared in 
1874. Its remarkable insecticidal activity was not disclosed, however, until the 
appearance in 1942 of the proprietary products Gesarol and Neocid, both of 
which were powerful contact and stomach poisons o\ring to their DDT content. 



ecu 


DDT 

Technical DDT, obtained by condensing chlorobenzene and chloral or chloral 
liydrate in fuming sulfuric acid, contains about 75 per cent pure DDT along with 
substantial amounts of the less active o,o'- and oy-isomers. It has a toM, 
ple^nt odor and a sotting point of approximately 90”. The technical powder 
in 2 to 10 per cent concentrations in petroleum solvents is used as a spray. It is 
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further purified for use in aerosol bombs in which liquefied Freon serves as the 
solvent and propellant. DDT is also available in the form of dispersible powders. 

DDT is practically insoluble in water, slightly soluble in the lower alcohols, 
moderately soluble in aliphatic hydrocarbons, but freely soluble in aromatic 
hydrocarbons, halogenated hydrocarbons, ketones, ethers, and esters. It is a 
stable compound, but in the presence of an alkali or an iron catalyst it readily 
loses a molecule of hydrogen chloride from the ethane residue to give 1,1-di- 
chloro-2,2-di-(p-chlorophenyl)ethylone, a compound having little insecticidal 
activity. 

The chemical stability of DDT gives it a high residual efTcct against insects, 
especially the members of the Diplcra and Hymenoplcra orders. Its immediate 
knockdown power, however, is less than that of the pyrethrins. Its lethal con- 
centrations for insect larvae and fish are of the order of one part in ten million 
parts of water. DDT is comparatively inactive against Protozoa, worms, and 
most vegetation ^\'ith the exceptions of melons and grapes. The lethal dose of 
DDT for warm-blooded animals varies from 150 to 300 mg. per kg. The prin- 
cipal metabolite in warm-blooded animals is di(p-chlorophenyl) acetic acid, 
The high potency, wide applicability, and low cost of DDT affords a compound 
for which it is difficult to provide a competitive product. However, this success 
has stimulated investigation into the effects of structure variation and into its 
mode of action. 

Most alterations in the DDT structure and attempts to prepare chemically re- 
lated compounds have resulted in a lowering of the Insecticidal activity. The ac- 
tivities of some derivatives of the type formula (p)R — CoHs — Y — C0H5 — ll'(p') 
arc indicated in Table I. 

In a comparison of these and other DDT analogs, certain cautious generaliza- 
tions have been reached as to their mcclmnism of action The requirement of 
an optimum degree of chemical reactivity combined with optimum physical prop- 
erties must be met. The ability of DDT to decompose with the liberation of 
IICl, certainly a demonstration of chemical reactivity, may partially explain its 
toxic effect. Fat solubility is a most important physical property to be cortsid- 
cred. The molecular shape of such chemical compounds i.s tliought to be of par- 
ticular importance in that their action may depend on a cIo'jo fit with a specific 
enzjTne. Thus, it has been demonstrated that ODT-msisiant flies are al^o 
resistant to the sterically similar compound, p-CIIaO— C0II4 — Cn(CCl3 ) — 
CoH 4 — OCIIa-p', but not to chlorinated hydrocarbons of different molecular 
shape. In addition, Sumerford and his co-workers** lm\c shomi that p,p'-tli- 
chlorobenzhydrol, which law little or no in^jccticidal activity but which is of 
similar molecular sliapo, polcntiate.s the action of DDT against re«istant flies 
I)I)D (DichlorodiphcnyUlichlorocthanc) and DFDT (Difluorodiphenyltri- 
chloroctlianc) are commercially avaikible DDT analogs for «hirh u->cful insecti- 
cidal activity IS claimed.*’ 

’* KriilmR and v.m Dpur«, Xature, 163, PC-1 (tPI9) 

“ Sumerford, Quartrrman, find Schmefc, Snmrr. lit, C (IPil) 

” lUefn'chnridpr, PAarrnniie, (1), 9, GIP (1950), C A , ^6, 11551 (1952) 
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TABLE I 


Actimties of Soue DDT Analogs 
Symmetrical Disubstitutcd Derivatives 
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Unsymmetrical Substituted Derivatives 
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The high activity and the favorable differential in the toxicity of the p,p'“di- 
fluoro derivative for mosquito larv’ae and fish, as compared to that of DDT, 
have aroused some interest in this analog as a spraying material for large bodies 
of water having valuable fish populations. The knockdou-n power of the lower 
alkoxy analogs of DDT is marked, a property which becomes highly significant 
in view of the possible shortage and costs of pyrethrum and rotenone-bearing 
roots. Some of the derivatives patterned after DDT involving the introduction 
of unsaturated linkages, nitro groups, and ether linkages in the bridge portion 
of the molecule are highly active insecticides but somewhat too specific in their 
action for general use. 

Carbinol analogs of DDT of the structure indicated have been found to be 
A' 


OH 

/ 

C 

.t - F. Cl. or Br 



good synergists For example, 1 part of the carbinol witli 10 parts DDT en- 
hances the activity markedly.** 

“ Tahori, Kaluszyncf, and Reuter, A'oture, 1T6, 26C (1055). 
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Hydroxyl Derivatives 
of Hydrocarbons 


ALCOHOLS 
General Properties 

Early chemists looked upon alcohols as alkyl liydroxidcs, analogous to the 
metallic hydroxides. To a limited extent there is some parallelism, hut the 
properties of alcohols and their names arc better appreciated if they are con- 
sidered hydroxyl substituted hydrocarbons. Primaiy' alcohols, R— CHoOH, arc 
those having one alkyl group and two hydrogens attached to the carbon atom 
bearing the hydroxyl group; secondary alcohols, R 2 CHOH, have two alkyl 
groups and one hydrogen on the hydroxyl-bearing carbon, and a tertiary alcohol, 
R 3 COH, contains no hydrogen atom on the hydroxyl-boaring carbon. 

Most of the alcohols are liquids at ordinary temperature; the higher members 
are waxy solids. However, in other respects, introduction of n hydroxyl group 
into a hydrocarbon brings about a considerable change in physical properties 
The hydroxyl is a solubilizing group; hence, the lower members of the series arc 
soluble in water. The propyl alcohols arc completely soluble in water. Sol- 
ubility of the molecule decreases as the length of the carbon chain increases 
As a general rule, secondary alcohols are more soluble than the corresponding 
primary alcohols, and the tertiary are more soluble than secondary alcohols 
Thus, 1-butanol is soluble less than 10 per cent, 2-butanol is soluble more than 
25 per cent, and feri-butyl alcohol is completely soluble in water 

Alcohols are found abundantly in nature. They are constituents of volatile 
oils in the free state and are often foimd in the form of esters in volatile oils, 
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fats, and waxes. Hydrolysis of these esters constitutes an important commer- 
cial source of many alcohols. Alcohols also occur widely as products of fermen- 
tation; many of the lower-raolecular-weight monohydroxy alcohols, including 
pentanols, are formed in fermentation procedures. 


Physiological Activity 

The physiological effects produced by the h5'droxyl group may be summarized 
under the following headings: 

1. Confers sweetness. This effect is not appreciably apparent in the mono- 
hydric alcohols, but, as the number of hydroxyl groups in a molecule increases, 
this property becomes more pronounced. Thus ethylene glycol is slightly sweet; 
glycerol is definitely so; mannitol (hexahydroxyhexane) is almost sugarlike; all 
the sugars are polyh3'dric compounds 

2. The physiological activity of the alcohob is much more diverse than that 
of the hydrocarbons from which they are derived. Comparison is difficult for 
the lower members since the hydrocarbons are gases and ore administered by 
inhalation, whereas the alcohols arc liquid and are administered by mouth. 
The alcohols are poisons to the nerve cells and it has been established that the 
simpler members influence practically all nerve processes. 

The action of ethj’l alcohol has been studied extensively, and its various actions 
are: (o) An antiseptic and a hardening action on the tissues (6) Lowering of 
body temperature especially in alcohol poisoning, (c) Deposition of a thick 
mucous deposit upon the gastric mucosa in chronic alcoholism which impairs 
digestive functions, (d) Action on the central nervous system causing e.xcita- 
tion followed by depression; the higher brain centers are affected first. In acute 
cases of alcohol poisoning, stupor may be followed by death, (e) Individuals 
vary greatly in their resistance to the narcotic effects of alcohol. 


TABLE II 


Alcohol 

g- I 

Effect 

Rabbits 

Relative Toxicity 
in Equimolar 
Solution 

JlehUiv 

Toxicity 

M L D.* 

e 

Dog 

Methyl 

0-12 1 

None 

I 

1 0 

0 0 

Ethyl 

7 

Intoxication 

3 

1 1 2 

7 4 

Ethyl 

12 1 

Sleep 

— 

— 

— 

ProDvl 

12 

Fatal, 5 hr 

18 

2 C 

3 5 

Butyl 

3 

Intoxication 

36 

3 7 

2 4 

Butyl 

7 

Narcosis and death 

— 

— 

— 

Amyl 

2 

ILslf sleep 

120 

4 5 

1 95 


L.D — Minimum lethal doM 


Kxcept for quantitative differences, the other alcohols appear to have the 
same tj-pc of activitj’ as ethyl alcohol. It has been reported that the administra- 
tion of homologous normal alcohols to rabbits and to dogs gives the results 
shown in Table II. 
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It may be concluded, on the baas of available data, that the toxicities and 
activities of the normal primary alcohols increase with increase in the length of 
the carbon chain to from 6 to 8 carbon atoms and then decrease until alcohols 
containing a chain of about 10 carbon atoms are inert. 

Of 26 alcohols, from Ci to Cu, racamined for disinfectant activity, n-pentanol 
was found most effective,* When tested for bactericidal activity against Staph- 
ylococcus aureus there was an increase in the followng order: ethanol, propylene 
glycol, pentanol, propanol, butanol.* 

3. Primary alcohols v.'ith branched chains are more active than those ^ith 
straight chains. Rice, Jenkins, and Harden * studied a series of 2,2,2-trialkyI- 
ethanols and found that all of them were more active than ethanol and had 
definite anesthetic properties, but that they were less activ’e than tribromoethanol. 

4. The secondary alcohols have a stronger narcotic action than the straight- 
chain primary isomers, and the tertiary alcohols are more active than the sec- 
ondary. Thus, isopropyl alcohol is about twice as active as n-propyl alcohol, 
and /ert-butyl alcohol is about twice as active as sec-butyl alcohol. The activ- 
ity of the secondary and tertiary alcohols increases as the molecular weight in- 
creases for the lower members, e.g , scc-amyl and tert-amyl alcohols are more 
active than sec-butyl and iert-butyl alcohol, respectively. For fcr/-amyl alcohol 
(amylene hydrate) the narcotic activity is sufficiently pronounced to permit its 
use as a hypnotic. 

5. Unsaturation causes an increase in the narcotic properties of the alcohols. 
In the tertiary acetylenic alcohols, low’ercd toxicity is ■combined with a favorable 
increase in activity. Also, with certain alcohols unsaturation causes a marked 
increase in toxicity. Thus, allyl alcohol is an active narcotic but it is highly ir- 
ritant and it is a lachrymator. 

0. The introduction of more than one hydroxyl group to form polyhydroxy 
compounds results in a decrease in activity. Tlius glycol CH2OHCH2OH, glyc- 
erol CH2OHCHOHCH2OH, and mannitol CH2OH(CH0H)4CH20H are prac- 
tically inactive as narcotics. If the alkyl groups predominate greatly, a di- 
hydroxy compound may show some narcotic activity. This is w’ell illustrated in 
the pinacols, where the tetraethyl is much more active than tetramethylpinacol. 

7. As a general rule, the presence of a hydroxyl group in an otherwise physio- 
logically active molecule tends to decrease the toxicity. 

These generalizations must not be taken too literally, for until the correlation 
between structure and physiological activity is more reliably established, it is 
impossible to state rules which are broadly applicable. Additional properties arc 
mentioned under the individual alcohols. 

Products 

iMcihanol (Methyl Alcohol, Carbinol, Wood Alcohol, Columbian Spirit, Wood 
Spirit, Methyl Hydroxide), CH3OH, ordinarily is not found free in nature, but 

» Tanner and Wilson, Proc Soe Expll Biol il/erf., 52, 138 (1943), C A , 37, 27G9 (1943) 

* Ornstein and Tliorsson, Acta Path Mtcrobtol Seand , 21, 914 (1944), C.A , 40, 28G7 (194G). 

• J. Am PAarm. Assoc , 27, 303 (1938) 
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it is found in natural esters such as methyl salicylate, and methyl anthranilate. 
The chief source of methanol is: 

(а) Destructive distillation of wood, hence the name wood alcohol. 

(б) Catalytic hydrogenation of carbon monoxide- Carbon monoxide and hydrogen 
under a pressure of about 200 atmospheres and at 450® are passed over zinc oxide: 

CO + 2Hi -» CHaOH 

Methanol is used commercially as a solvent, as a denaturant for ethanol, for the prepara- 
tion of formaldehyde, etc. The ojudation products of methanol arc: 

CHiOH -» HiCO IICOOH COi 

Methanol Formaldehyde Formie acid Carbon dioxide 

Methanol lowers the freezing point of water more than docs an equal volume of de- 
natured alcohol. Furthermore, methanol evaporates less readily than denatured alco- 
hol from water solutions of the same freezing point. Antifreeze grades of methanol 
which arc characteristically colored and nist inhibiting are used in automobile cooling 
sj’stems. 

The extensive use of methanol m industry and the arts may lead to unfortunate com- 
pheations if proper precautions are not taken against its imbibition. The acute toxic 
symptoms resemble acute alcoholic intoxication, but ivilh more serious local effects. In- 
dividual suscept*’ ” ' 

Animals may 

in man 1 ml./kg, . , , . ' 

anol intoxication arc slow in developing; the alkali rcserx'e in the blood decreases steadily, 
and the symptoms become serious when severe acidosis is present It might be assum^ 
lliat methanol is oxidized tn nVo by way of formaldehyde; however, investigators liavc 
been unable to demonstrate the presence of formaldehyde in the tl<>sucs In fatal casas 
the formic acid in the blood ranged from 9 to 6S mg. per cent. Hence, it is not the acid 

per ' ■ 

Bultir 

loss c , . . ■ 

lishod, but it is probably the same as that which oxidizes ethanol; for ethanol, properly 
used, mitigates the results of methanol imbibition.* Severe changes in the ganglionic 
cells of U\e xeUaa have been observed iw vicUms o( raeUiawal pQisQtiicui;s 

In animals the toxic manifestations of methanol poisoning differ in that the symptoms 
of acidosis are absent.* 

Alcohol, U.S.P. (Ethanol, Ethyl Alcohol, Grain Alcohol, Mctliylcarbinol, 
Cologne Spirit, Wine Spint), CIl3Cn20H, is the alcohol normally meant if the 
Word alcohol is u«!cd williout other modification. Tlie chief commercial sources 
are: 

1. Synthesis. Synthetic ethyl alcoliol may be produced by a number of different mctli- 
txls Two methods of interest arc 

(a) From acetylene, by hjxlration in the presence of mercunc mILs and rtxluction of 
the resultant ncctaldcliydc; those steps may !« summanzcil 

c.H, + iioH (cn,=ciion) cn.cno A CHr-C!i,oii 

Tlic hj^xithctical intermwliatc, vinsl alcohol, is un«tablc and spontincouriy re- 
arranges into the i«omcnc acetaldehyde. Although this method of synthesis ap- 

* Ilfic, Pharmneot lleri , 7, 399 (19.'»5) 

•Ilfic, .\ord Mtd, 51, 15t9 (1955), C 4 ,50,2S30 (1050) 
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parently is satisfactory and, with acetylene so readily available, is relatively eco- 
nomical, it still is not competitive on an economic basis with the fermentation in- 
dustry. 

(6) From ethylene, by formation of ethyl hydrogen sulfate, which is hydrolyzed by 
dilution. The cost of alcohol from tins source compares favorably with that ob- 
tained by fermentation, and the ethylene is available at oil refineries as a by- 
product 

2. Fermentation of sugars and starches. The word ferment has its origin in the Latin, 
fervere, "to boil." The fermentation process is accompanied by an evolution of car- 
bon dioxide, with an activity akin to Mling, 

The use of starch in the form of grain as raw material for alcohol fermentation dates 
back to verj' ancient times. Starch is not directly fermentable by yeast and must, 
therefore, be converted to sugar. The procedure is to cook the starch (grain), cool, 
and then treat ^nth barley malt, W'hose diastatic enzjunes convert substantially all 
the starch to sugar. Yeast has a double action upon the sugar. This is brought about 
by the presence in the yeast of two enzymes, invertase and zymase. In the presence 
of invertase, sucrose undergoes conversion into sugars of the invert type: 

+ H,0 2C,H„0, 

Svieroso Wftt«r Invert eufter 

The invert sugars are then converted by the zymase into ethyl alcohol and carbon 
dioxide: 

CaHiiOi 2C,HiOH + 2COj 

Invert euger Eth>la)c»bol Carbon dioxide 

From 1 mole of hexosc, 180 g., it is possible theoretically to obtain a maximum of 2 
moles of ethanol, 02 g.^ 51.1 per cent of the sugar may, under ideal conditions, be con- 
verted into alcohol. The best yield reported was 48.6 per cent. 

Among the by-products recovered from the fermentation process are carbon dioxide 
(compressed either to a liquid or a solid), potash for the manufacture of fertilizers, vita- 
min concentrates for feedstuffs, and binders for the foundry and coal-processing industries. 

Ethyl alcohol in doses of 45-00 g. is definitely hypnotic. Larger doses pro- 
duce narcotic effects or inebriation. The degree of inebriation is proportional 
to the concentration of alcohol in the blood; the following values have been 
suggested: At 0 1 per cent a third of the subjects are clinically inebriated; at 
0.15 per cent half are diagnosed to be inebriated A concentration of 0.15 per 
cent alcohol in the blood is taken as the critical concentration in the chemical 
diagnosis for drunkenness A concentration of 0 15 per cent ethyl alcohol in 
the blood corresponds to a concentration of about 0.2 per cent alcohol in the 
urine. 

Alcohol depresses the central ner\mus qrstem. Its stimulant effect is really 
the result of lowering the normal restraining functions It is rapidly absorbed 
from the small intestine. Nearly all the ethanol ingested is rapidly metabolized 
by means of oxidative enzymes in the liver to acetic acid or active acetyl. Fur- 
ther metabolic pathw’ays include the conversion of acetyl into other body con- 
stituent.s such as cholesterol or its oxidation to carbon dioxide by w'ay of normal 
carbohydrate metabolism 
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The chronic use of alcohol and the dependence upon it for its physiologic effect is 
termed alcohoUsm and is recognized as a psycholc^cal disease. Treatment for the chronic 
alcoholic has been aided by the use of tetraethylthiuraradisulfido, Antabuse. (See page 
278) 

Alcohol has long been recognized as a fairly effective germicide and for this 
use is recommended in concentrations of 50 to 70 per cent. However, it is felt 
by some ® that too much emphasis in the past has been placed on diluting 95 per 
cent ethanol. When tested on the moist %'egetative forms of bacteria, the lat- 
ter concentration is also effective 

Ordinary ethyl alcohol is 95 per cent or 190 proof. It is impossible to purify 
alcohol further by ordinary fractional distillation, for it forms with water an 
azeotropic solution consisting of 95 per cent alcohol and 5 per cent water which 
distils at 78°, and pure or “absolute” alcohol boils at 78.3® Ethyl alcohol is 
soluble in water in all proportions, usually with a contraction in volume; thus 
52 volumes of alcohol and 48 volumes of water will produce but 96 3 volumes of 
dilute alcohol. 

Absolute Alcohol may be prepared in various ways. In the laboratory, the 
water may be removed chemically by treatment with calcium oxide, calcium 
carbide, or aluminum ethoxidc. Commercial absolute alcohol is prepared by 
adding benzene to ordinary alcohol and distilling the azeotropic mixture. After 
removal of a ternary and a binary fraction, the anhydrous alcohol can be distilled. 

Propyl Alcohol (n-Propyl Alcohol, l-Propanol, Ethylcarbinol), CH 3 CH 2 - 
CH 2 OH, is formed in small amount during the fermentation production of grain 
alcohol; propyl alcohol appears in the fusel oil fraction, from which it may be 
isolated by fractional distillation. This compound is used primarily for the 
preparation of propyl compounds, c.g , propyl halides, which are used in the 
synthesis of various derivatives. 

Isopropyl Alcohol, N.F. (2-Propanol, Dimethylcarbinol), CH 3 CHOHCH 3 , 
docs not occur naturally. It may be obtained by the reduction of acetone or 
the hydration of propylene. 

cn.cocn. cn.cuoiicii. 

cn,cn=cn, cii,ciicii. cii.cnoncn. + h,so. 

OSO.II 

Hecause of its ready availability at economical costs it is used a.s a substitute 
for ethyl alcohol m many applications, being used in nibbing alcohols, shaving 
lotions, astringent solutions, etc. It is reported that a 10 per cent solution of 
isopropyl alcohol has antiseptic properties comparable to tho«e of a GO per cent 
solution of ethyl alcohol It ha.s been recommended ns a substitute for ethanol 
m the cleansing of the skm and m the disinfection of clinical thermometers, 
surgical instruments, etc. Isopropyl Alcohol Ituhbiny Compound, A'.f’., contains 
OS to 72 per cent isopropyl alcohol. 

* Morton, Ann S'. V ^coJ *91 (19V)) 
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Pharmacologically isopropyl alcohol resembles ethyl alcohol. It is easily oxi- 
dized and disappears from the blood at about the same rate. It is more toxic 
than ethyl alcohol and is said to produce considerable tempornrj’ prostration. 
No instances of eye injury have been reported. 

It is a good solvent for creosote and is used to remove this substance from the 
skin to prevent creosote burns. 

The isomeric butyl alcohols, C4H9OH, important as solvents and useful as 
reagents and intermediates, find no direct use in medicine. n-Butyl alcohol 
and isobutyl alcohol arc available from fermentation sources; fcr/-butyl alcohol 
is formed by the sulfation of isobutylene and hydrolysis of the resulting sulfate 
ester. 

Of the isomeric pentyl alcohols, C5H11OH, the tertiarj' amyl alcohol is the 
only one to find medicinal use. 

Amylenc Hydrate, U4S.P. (Tertiary Amyl Alcohol, Dimcthylethj'l Carbinol), 
is prepared by treating amylenc with a mixture of sulfuric acid and water main- 
tained at 0®. The mixture is then neutralized with alkali and distilled. 


CHj— CH=C— CII 3 + H,0 — ^ — > CHj— ClI:— C— OH 

I 

CHj 

Amylene hydrate, b.p. about 97-103®, is a clear, colorless, volatile liquid 
having a characteristic odor and a burning taste, soluble 1 :8 in cold water, and 
miscible ^^^th alcohol, chloroform, ether, and benzene. 

Amylene hydrate is used as a hypnotic and sedative. It is said to have no 
harmful effect on the heart and is used in insomnia, epilepsy, whooping cough, 
etc. It is administered orally in capsules, rcctally by enema in suspension with 
acacia, and intramuscularly by injection. 

Alcohols of higher molecular weight, that is, CcHjsOH and above, find no 
medicinal use. Beginning ■\^’ith laurj'l alcohol, n-Ci2H250H, however, pharma- 
ceutical interest appears. Lauryl, myristyl, C14H29OH, cetyl, CioHsaOH, 
and stearyl, C18H37OH, alcohols, all normal primary alcohols which become 
available by reduction of the corresponding fatty acids, when converted into 
their alkyl sodium sulfates of general formula R — 0 — SOsNa are kno^im as 
Gardinols or Avirols. They are excellent wetting agents, forming a group of 
detergents which find wide application. They are further discussed under 
sulfate esters, page 277. 

Cetyl alcohol occurs as the ester of several fatty acids, notably as cetyl palmi- 
tate in beeswax. Stearyl alcohol is found in Plezaura Jlexuosa, an invertebrate 
marine animal. Ceryl alcohol, n-C2eH530H, occurs as its cerotic ester in Chinese 
wax. Melissic or myricyl alcohol, n-C^HeiOH, is present as the palmitate in 
bees%vax and camauba wax. 

Cetyl Alcohol, N.F., and Stearyl Alcohol, U.S.P., are unctuous solids 
usually marketed as flakes or granules and consisting chiefly of CH3(CH2)u- 
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CH20H'and CH3(CH2)i6CH20H, respectively. They are used in ointment 
bases and creams to produce smoothness of texture and to make them hydro- 
philic, i e., capable of absorbing water. 


POLYIIYDROXY ALCOHOLS 

Theoretically the simplest dihydroxy derivative of a hydrocarbon is dihydroxy- 
methane, which might also be considered the first member of a homologous series 
of alkyl- and dialkyl-dihydroxymcthanes. Such compounds are knoum by their 
derivatives, chiefly their acetals, page 105, but as a rule they are unstable, losing 
a molecule of water to form carbonyl derivatives, aldehydes, or ketones. Hence 
the first member of the dihydroxyl substituted hydrocarbons is dihydroxyethane, 
CH 2 OHCH 2 OH, or ethylene glycol. 

Many polyhydroxy alcohols have found an important place in pharmacy and 
medicine. Particular use is made of their physical properties as solvents for 
pharmaceutical products, as emollients and demulcents in cosmetics and toilet 
goods, and for a host of specific purposes in Galenicals. 

Chemically, the polyhydroxy alcohols have been made the basis of a large 
group of more complex ethers and esters. The properties of the polyethylene 
glycols or Carbowaxes as ingredients of ointment bases and the polysorbates or 
Tweens as dispersion agents are widely accepted ^ (sec page 81). 

Certain of the polyhydroxy alcohols have been showm to possess anticonnd- 
sant activity, 1,3-butancdiol being the most active of those studied.* All but 
ethylene glycol arc used as their nitrate esters as vasodilating agents 

The role of the hydroxyl group as reducing toxicity and conferring sweetneas 
in the parent hydrocarbon is clearly seen in these compounds. Glycerol Is not 
only nontoxic but also is quite sweet. These qualities are even more pronounced 
in the hexahydroxyhexancs, such as mannitol and sorbitol. 

The dihydro.xyhydrocarbons or glycols arc synthesized from readily available 
unsaturated hydrocarbons formed during the cracking process of petroleum re- 
fining. The two most important procedures arc represented by the equations: 

R— C=Cni R— CHOH— ClltCl R— CHOH— CHiOH 


R— CII CHj 

\/ 


O 


d>l IltSOi 



R— IICOH— CILOH 


Etlnlcne Gljcol (l,2-Ii:thancdiol) is a colorless, practically odorleas liquid, 
b p 197®, with properties interme<liatc lietwccn those of alcohol and glycerol. 
It is extremely hygro-scopic, absorbing approximately twice it.s weight of water. 
It IS completely miscible with water and when mixed in the ratio of 00 part.s 
"ith 40 parts of water the freezing point of the mixture i.s dcprcs.<e<l to —19®, 

^ Drvg *{ Coimttie Ind , 69. 310 (1951) 

* Rommann, .trfA Path /’Anfmiilet , 213 , IH (1951), C .4., 46, I&r<7 (la ,2) 
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the maximum that can be attained in mixtures of the glycol and water. It is 
extensively used as an antifreeze and as a solvent. 

Although it has had some use as a substitute for glycerin in external prepara- 
tions, it is unsuitable for use in pharmaceutical products because of the ease 
with which it is oxidized to oxalic acid in the body and gives rise to the symptoms 
of oxalate poisoning. After a fatal dose of ethylene glycol, crystals, considered 
to be oxalate, were found in the uriniferous tubules.® 

Propylene Glycol, U.S.P. (Methylethylene Glycol), b.p. 187.4°, closely re- 
sembles ethylene glycol. It is reported to be physiologically harmless. It is 
employed as an antifreeze in dairy and brewery cooling systems. It is also used 
as a solvent in flavoring extracts, perfumes, and pharmaceutical preparations. 
A fine spray of propylene glycol is an effective bactericidal agent, useful in the 
air sterilization of hospital and office buildings. 

Ethohexadiol, U.S.P. (2-Ethyl-l,3-hexanediol), CH3CH2CH2CHOHCH- 
(C 2 H 5 )CH 20 H, obtained by the reduction of the aldol formed when butyralde- 
hyde dimerizes, is employed as one ingredient in many commercial insect repel- 
lents. 2-Butyl-2-ethyl-l, 3-propanediol and similar glycols are finding use as 
insect repellents.*® 

Glycerin, U.S.P. (Glycerol, 1,2,3-Propanetriol), CH 2 OHCHOHCH 2 OH, is 
an important compound. It was first isolated by Scheele (1779). Its empirical 
formula was determined by Pclouzc; its structure was established by Bertholot 
and Wurtz (1836). Its structure follows from the fact that it may be obtained 
from 1,2,3-trichloropropane by heating with water to 170°. It is found as a 
constituent of fats and lipids, from which it may be obtained by hydrolysis or 
saponification. It may also be prepared by fermentation processes. A com- 
mercial synthesis is indicated. 


( 1 ) 


CHj-^CHCHjOH 


Clj + H,0 


CHjCICHClCHiOH I 
CHjOHCHClCHsOH 
CHaCH0HCH20H | 


buffered 


CH2OHCHOHCH2OH 


( 2 ) 


CHi^CHCHzCl 


CIi + IIjO 


fCHjOHCHClCHiCll 
ICH2CICHOHCH2CII alkali ^ 


CHsOHCHOHCHsOH 


Glycerol acts both as an emollient and as a demulcent. It is used on chapped 
hands and rough skin; hoivever, since the anhydrous glycerol has a great affin- 
ity for ivater, it should never be used for such purposes except in the form of a 
solution. Undiluted glycerol in)ccted into the rectum causes evacuation in a 
few minutes, and usually without pain; use is made of this property in the glyc- 
erol suppository, which is glycerol containing sodium stearate to harden it. 
In pharmacy, glycerol finds wide use as a sw'eet vehicle and as a solvent miscible 
with water. It is used in tobacco as a moistening agent, but this use is not with- 
out objection since on combustion one of its pyrolysis products is acrolein. It 

* Boemke, Arch path Anat u Physxol (YtrcAoi®’*), 310, 100 (1943) 

“> Smith, Ckm SpecxalUea Mfra. Assoc., 80 ( 1050 ), C A., 45, 5870 (1951). 
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is employed as a preservative for ferments and vaccines. In concentrations of 
25 per cent or greater it is definitely antiseptic. No toxic symptoms, in man, 
have been observed; this is to be expected since it is a natural constituent of fats. 

Glycerol has found value as a vehicle in combination with certain antibiotics, 
particularly for topical administration. In addition to its solvent action in anti- 
biotic preparations, it is useful as a source of carbon in the culture media of 
various microorganisms from which the antibiotics are formed, making pos- 
sible improved production yields. 

Erythritol ^etrahydroxybutane, Erythrite), CH 2 OH — CHOH — CHOH — 
CH 2 OH, can exist in two optically active forms (just as docs tartaric acid) and 
one mesoform or internally compensated form. The n- and L-erj'thritol arc 
knowm only from synthetic sources. Mesoerythrito! is found free in algae and 
as the ester of Iceanoric acid in lichens 

li-Eiythritol may also be obtained by the reduction of D-threose. 

CHjOHCHOHCHOHCHO CHiOHCHOHCHOHOHsOH 
Erythritol is used as the tetranitrate for much the same purpose as glycerol 
trinitrate, and has like physiological action 

Pentacrythritol (2, 2-Bis-hydroxymcthyl-l, 3-propanediol) in the form of its 
tetranitrate, has found use in medicine as a vasodilator. 

ClhOH 

I 

HOCHj— C— CHjOH 

I 

CIIjOH 

The pentahydroxypcntancs, though of considerable interest to the student of 
carbohydrates, have no particular application in medicinal or pharmaceutical 
chemistry. The hexahydroxyhexancs, however, arc of appreciable value. The 
isomerism in these compounds, as in erythritol, is caused by asymmetry vithin 
the molecule. 

D-MannitoU CIl 20 n(CIIOII) 4 CH 20 n, occurs cxtcn-sively m natural prod- 
ucts, being the main constituent of manna, the dried juice of the vanous manna 
plants; it is also found in such widely different plants a** rclcrj’, olives, and jasmin. 

In addition to its use as the hc.xanitralc to produce va.''odi!atation, mannitol 
exhibits an unusual metabolic p.attcm Carr and Kranti ** have shown that, 
although small amounts arc absorbed and convert«i to glycogen, most of the 
mannitol is excreted unchnngc<I in the urine. This has suggested the use of man- 
nitol as a sweetening agent in diabetic and low-caloric diets. 

D-Sorbitol, the most widely u«e<l of the hexahydne alcohob, is found in 
fruits and berries and is prcpanxl fjy the hydrogenation of glucose. Its physical 
properties are useful in pharmacy and industries ns a vehicle or solvent for many 

** l^«.«cr, /Im Prof(s». Phnrmacxfi, tM (1051) 

(iirr and Krantz, Atlinuer* in rarb^y’tntte Chrmt*lq;, 1. Acn'1'’mic I N't w \ork. 

1915, pp. 181-187 
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compounds and as a humcctant in cosmetics, tobacco, and glues. In addition 
to its use in the synthesis of ascorbic acid, it is used in combination with poly- 
ethylene glycols for the formation of the Tweens (sec page 81). 

Sorbitol has been recommended as a substitute for sugar in the diabetic diet, 
as not producing significant hyperglycemia.” Its sweetening and “bodying” ef- 
fect have recommended it as an ingredient in ice cream for diabetics.” 

Dulcitol, a mesoisomer of the hcxaliydrohcxanes, is found almost pure in the 
manna from Madagascar. It may also be obtained by the reduction of galactose. 


UNSATURATED ALCOHOLS 

Compounds having in their structure a double bond and a hydroxyl group 
e.xhibit, as would be expected, properties of the two functional groups. The 
simplest unsaturated alcohol, structurally, is vinyl alcohol, CH 2 =CHOH. This 
compound is unstable, however, and rearranges into acetaldehyde: 

CHi=CH— on CHa— CHO 

Such rearrangement also is characteristic for the substituted vinyl alcohols. 
Hence, the stable unsaturated alcohols arc those in which the hydroxyl group is 
not attached to an unsaturated carbon atom; the first member of such a series 
is allyl alcohol. 

Allyl Alcohol, CH 2 =CH — CH 2 OH, b.p. 97®, is a mobile liquid with a suffo- 
cating odor. Like propyl alcohol, it Is miscible with water in all proportions. 
Being unsaturated, it readily adds bromine, hypochlorous acid, chlorine, etc. 
Allyl alcohol, when applied to the skin, is very irritating. Its toxic dose is greater 
than the narcotic dose. The chief pharmaceutic-al interest in this unsaturated 
alcohol arises from its use as an intermediate for the synthesis of the allyl halides, 
which are employed in the preparation of medicinally useful compounds, c.g., 
the allyl-substituted barbituric acids. 

Higher alkenols, especially the Cio open-chain, unsaturated alcohols arc of 
particular interest, for they are natural alcohols, occurring in essential oils and 
belonging to the terpene group. As may be expected, these compounds arc 
structural derivatives of the 2,6-dimcthyloctane skeleton. Citroncllol, found 
in oil of citronella and in oil of roses, is such an alcohol. 

CHx— C=CH— CHj— CH,— CH— CH 2 — CHiOH 

I I 

CH, CH, 

Cilrondlol 

3,7'DiineUiymi-octen-l-ol 

Geraniol, CioHigO, a colorless oil with pleasant odor, b.p. 114-115V12 mm., 
is present in many essential oils, including geranium oils. It is stereoisomeric 

“ Carr and Krantz, Advances in Carbohydrate Chtmtairy, Vol I, Academic Press, New York. 
1945, pp 175, 192. 

Wick, Almen, and Joseph, J. Am. Pharm. Ataoc., 40, 542 (1951). 

“Tracy and Edman, Ice Cream Trade J., 46, No. 7, 50. 83 (1950), C A., 45, 778 (1951). 
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uith nerol, CjoHigO, b.p. 125'’/25 mm., which is found in oil of neroli, oil of 
bergamot, etc. Both geraniol and nerol on hydrogenation take up four atoms 
of hydrogen to form the identical primary alcohol C 10 H 22 O; this same saturated 
alcohol is obtained by the hydrogenation of eitronellol. Hence, geraniol and nerol 
have two double bonds. Both give the same oxidative degradation products, 
the identification of which locates the position of the unsaturated bonds between 
carbon atoms 2 and 3, and between 6 and 7. The structure 3,7-dimethy]-2,(>-oe> 
tadiene-l*oI permits geometric isomerism involving the 2,3 double bond. Gera- 
niol is predominantly the trans-isomer. Oil of neroli consists predominantly of 
the cfs-isomer, to which the name nerol has been given. The distinction between 
the two isomers is indicated by the relative ease with which tliey undergo cycli- 
zation to dipentene. Allylic rearrangement of either affords Itnalol, a tertiary 
alcohol, CioHigO, which may be isolated in optically active form from Mexican 
oil of linaloe, rose oil, and bergamot oil. 
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Farnc*»oh found in oil of citronella, and nrroUdol, from oils of bitter orange, 
^^eroli, and Pen, balsam, arc triisoprenoid alcohoh relale<l to c.ach other a.s are 
Bt-raniol and linalol. The-'^e compounds used m perfumes but otherwise medic- 
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(CH3)2C=CHCHjCH2C(CHj)=CHCHiCH2C(CH3)=CHCHiOH 

Fsrneaol 

S.T.ll-TVimethyl-Z.O.IO-dodecatriene-l^l 

OH 

I 

(CH3)2C=CHCH2CH2C(CH3)=CHCH2CH2— C— CH^CHj 

CHs 

Nerolidol 

3,7>H*‘Fri(netltyl'1.6,10-doderBtriene-3-ol 

inally unimportant, are of interest as bridging the gap between the diisoprenoid 
and the tetraisoprenoid alcohols. 

Oleyl Alcoliol is a mixture of alcohols consisting chiefly of CH3 — (CHg); — 
CH— CH — (CHs)? — CH2OH. It is employed in ointments to increase their 
smoothness and capacity to absorb water. 

Phytol is an example of a C20 natural alcohol built up of four isoprene nuclei. 
Phytol may be isolated from chlorophyll, of which natural pigment it is a con- 
stituent, although the exact relationship is unknoum. Its empirical formula is 
C20H40O. It is a primary, unsaturated alcohol; its properties show it to be a 
substituted allyl alcohol. Fission of the double bond with ozone yields glycolic 
aldehyde and a methyl ketone, CioHaaCO — CH3. These products account for 
all carbon atoms in phytol. The ketone was synthesized from perhydrofarnesyl 
bromide and ethyl acetoacetatc as indicated. 

Me2CHCH2CH2 — CHiCHMcCH:CH 2— CHjCHMeCHiCHiBr-l- 
COCHa CO— CHs 

Na— CH— COOEt CijHj,— CH— COOEt 

CH 3 CHCH 2 CH 2 — CH 2 CHCH 2 CH 2 — CHsCHCHsCHj— CHjCO 

I I I I 

CH, CH, CH, CHs 

6,10,H-TVlin«thyl-2-p«ntB(iecBnone 

The synthesis of this ketone proves the presence in phytol of the isoprene 
carbon skeletons. Thus the structure of phytol becomes . 

CHsCHCHjCHr-CHsCHCHsCHj— CHjCHCHsCHs— CH2C=CHCH20H 

I i I I 

CH, CH, CH, CH, 

Phytol 

3,7,ll,15*Tetnkinctbyl-2-h«udecene>l'ol 

An optically active phytol has been isolated from nettles; and the (+)-, (— )-< 
and (±)-phytols have been studied by Karrer and co-workers.'* 

Acetylenic alcohols, compounds containing a triple bond as well as a hydroxyl 
group, have showm considerable value as sedatives and hypnotics. The most 
useful members of this series are tertiary acetylenic alcohols in which the effects 
“Karrer, Simon, and Zbinden, IleJv. Chitn Acta, 27, 313 (1944). 
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o! the tertiary hydroxyl group and the acetylenic linkage have been combined in 
a single compound having fair potency with low toxicity.” Such compounds arc 
sjTithesized by the addition of sodium acctylide to a ketone in the presence of 
liquid ammonia.” 

0 OH 

CiHi— C— CHj C,I!s— C— CHj 

I 

Cs.CH 

Methjrlp&t*(ynol 

Methylparafynol, 3-mcthyH-pentync-3-ol (Dormison, Oblivon), has been 
selected as the best compound of those studied for use as a mild sedative in in- 
somnia.’^* It is safe in relatively high doses and exhibits few sjTnptoms of “hang- 
over.” In dogs, metabolism occurs through the accts’lcnic group.” Despite op- 
timistic reports regarding the hypnotic efficiency of methylparafynol, some ques- 
tion its value.” The half ester of phthalic acid with methylparafynol is re- 
ported as an oral anthelmintic for canine whipworms. 

CYCLIC ALCOHOLS 

Cyclic alcohols arc of considerable interest, and for the medicinal and pharma- 
ceutical chemist ti\c cycloUcxanols arc of considerable importance. Cyclohcxanol 
is prepared by the hydrogenation of phenol Its properties, both physical and 
chemical, very closely resemble those of n-ho.\anol, and in industrj’ it has much 
the same use. 

Inosltoh N.F, (Hexahydroxycyclohexane), C«II«(On)c, is found in heart 
muscle and in other tissues; it is also found in unnpc beans and peas, and it is 
commercially obtainable from the “sleep water” after soaking corn in the manu- 
facture of starch. In most of its properties it resembles the sugar alcohols, the 
iiexahydroxyhexancs. It is a component fraction of “bios ” The term bios 
antedates the word vitamin and it was used in Idc’s laboratoiy (Louvain, 1901) 
to dasignatc the then unknown factors necessary’ in the groalh of the yea.st 
plant. Hios is now known to be a mixture of the H vitamins. Inositol may be 
a primary and essential vitamin. AVooHoy ** found that it was a curative factor 
for the alopecia produced m mice fed on a special diet. However, nil evidence 
indicates that inositol is a supporting and not a specific dietary constituent. 

InosUol in combination with choUnc has had some use as a lipotropic agent 
in preventing or alleviating arteriosclerosis It h thought that such agents arc 

'* Vajn, VvUmn, nnit OindwTR, Arctv an«t Bwpfcv? , M, 4^ (IWl), J". Ant Chftn. 

T6, ^lir, (19,-, 15 

"S.mrKlrr., Orptnie Vol SO. J«!m \ViI«*y A Sont. New York. lOtO, p 47. 

■* Mure-.lin, JVrtmtn. Vilhm (irxl McC-tvack. Snfnre. HI. 3^1 (III51) 

“ I'nrlmtn nrid Jnlin®on. J Arn I’Anm .4»«of , •!» 13 (1952) 

” Lt«i.tcnt, A J’Anrmnrnl Kzpll rArrop . III. 9 (1951) 

‘‘Rurct.. iVf Mr<l. »9. 2‘U (lO.’.li 

"ttoollo../ r/im. 1.19. WtWD- 
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involved in the conversion of neutral fats to phospholipids, thereby preventing 
the deposition of fat in the liver. The role of inositol is not clearly estab- 
lished.®* 

Menthol, U.S.P. (l-Methyl-4-isopropyl-3-cyclohexanol, 3-Menthanol, 3-Tcr- 
panol, Hexahydro thymol), CioH 2 oO, is smd to have been knovTi in Japan for 
more than 2000 years. It occurs in peppermint oils, mostly free and to some 
extent as the acetate. It is usually obtained from the volatile oil of Mentha 
arvensis (Japanese peppermint oil). Many synthetic menthols have appeared 
on the market. Most of them consist of mixtures of various stereoisomers from 
which it is possible to separate the official menthol. 

Menthol has three asymmetric centers (indicated in the formula by asterisks) ; 
hence, there arc 2^ or eight possible optical isomers. These arc discussed in 
greater detail on page 472. 

Its structure is indicated by its synthesis from thymol on hydrogenation, and 
by its conversion into thymol on dehydrogenation. 



MenAal Thyne-l 


It is a crystalline compound, m.p. 41—13% with a characteristic mintlike odor, 
soluble in most organic solvents and slightly soluble in water. When mixed 
with about equal amounts of such compounds as camphor, thjTnol, phenol, 
and chloral hydrate, it forms eutectic mixtures. 

Rubbed on the skin menthol causes a refreshing sensation followed by a slight 
burning and pricking sensation. It is used as a counterirritant in neuralgia and 
headache, being applied by means of menthol pencils, and as a constituent of 
analgesic balms. It has very slight antiseptic value but seems to be a stimulant 
to inflamed mucous surfaces especially of the nose and throat. Nasal sprays 
consisting of menthol dissolved in liquid petrolatum and the vapor supplied 
from menthol inhalers have been used to give relief from colds, catarrh, chronic 
bronchitis, etc. It is also used in mentholated cigarettes and cough drops for 
its counterritant effect on mucous surfaces. It is used to some extent internally 
for the relief of gastric pains as m dyspepsia. 

Isomeric with the menthols are the carw’omenthols, 2-menthanol. They may 
be obtained by the hydrogenation of carvacrol, and these may, in turn, be de- 
hydrogenated to catw'acrol. 

Terpin (1,8-Menthandiol) is a dihydroxy derivative of menthane. On de- 
hydration wnth phosphoric acid it forms the terpineol of commerce which is a 
mixture of a-, 0-, and 7 -terpincol 

« Bessey, Lowe, and Salomon, Ann Rev. Bwchem , 22, 60G (1953). 



HYDROXYL DERIVATIVES OF HYDROCARBONS 


47 



Terpm or^TerpinroI l}*Terpinfol -y-Terpineol 


a-Terpineol is a natural constituent of many oils, c.g., cardamom and cajeput. 

Terpin Hydrate, N.F., is obtained Avhen turpentine in alcohol is treated with, 
dilute nitric acid. It was formerly given the open-chain structure but this struc- 
ture is not consistent with its melting point and its loss of water over sulfuric 
acid at room temperature. 

The hydrate is a crystalline solid, m.p. 102-105“ with loss of water and forma- 
tion of the cis form of 1,8-terpin (sec Terpin). The trana fomrof terpin which 
does not give a hydrate is also known, m p. 157*. 

It is used chiefly in the form of an elixir, often witli codeine, as an e.xpectorant 
in bronchitis. It has some slight antiseptic, diuretic, and diaphoretic activity. 
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Sanlalol, found in sandalwood oil, is a mixture of a and 0 isomers whose 
structures are believed to be as shown. Good grades of the East Indian sandal- 
wood oil contain from 90 to 97 per cent of the total alcohols having urinary 

antiseptic activity. 

Carolenols and Vitamins A 

Hydroxyl derivatives of the hydrocarbons of the carotene family discussed 
in Chapter 1 are natural plant pigments called carotcnols and occur as widely 
distributed in nature as the carotenes themselves. Although the exact location 
of the hydroxyl groups of some of these compounds remains unknoim, tremen- 
dous strides have been made in the structure determination of many carotcnols. 
For example, ciy'ptoxanthin, C 40 H 56 O, is 3-hydroxy-/3-carotene; zeaxanlhm, 
C4 oH 5602, is 3,3'-dihydrox}'-^'Carotene; xanthophyll, C^oHseOa, is 3,3'-dihy- 
droxy-a-carotene; rubixanthm, C 4 oHsaO, is 3 -hydroxy-Y-carotene. 

Perhaps the most important phase of the chemistry of the carotenols from the 
medicinal standpoint is that concerned with vitamin A. A close connection 
between carotene and a growth factor was suspected for many years. 
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The determination of the complex stnicture of vitamin A and its relationship 
to the carotenes is one of the outstanding achievements of science. Moore 
showed that carotene is converted in the body to vitamin A About the same 
time, Karrer and his co-workers*^** determined the chemical constitution of 
plant carotene ** and of vitamin A obtained from fish-liver oil.*® Karrer and 
his associates demonstrated that carotene and vitamin A contained the /3-ionone 
ring, two rings in carotene with an aliphatic, methylated, polyene chain made 
up of isoprene residues arranged in pairs and joined in reverse order at carbon 
atoms 15 and 15'. Heilbron and associates** substantiated Karrer's formula. 
Karrer et aV completed the proof of the correlation between the structure of 
carotene and vitamin A by showing that the crystalline, natural vitamin A 
from fish oils when hydrogenated was identical with a synthetic perhydrovitarain 
A which was prepared starting with ^-ionone. 

Vitamin A, U.S.P. (Axorophthol), may be considered as derived from /3-caro- 
tene in the following marmcr: 
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^-Carotene is only one pigment of this group of compounds which may be 
considered a provitamin A. There are at least ten natural as well as a large 
group of synthetic provitamins A.** Their activities compared to crystalline 
vitamin A vary considerably, indicating the extent to which they are isomerized 
and metabolized to vitamin A itself. For example, on a weight basis, ^-carotene 
has only 50 per cent of the activity of vitamin A, showing that only one of two 
possible molecules of the vitamin result from the metabolism of the plant pig- 
ment 

The function of vitamin A in the living organism is not understood completely. 
It is known that certain types of night blindness (nyctalopia) as well as other 
abnormalities of the eye result from a deficiency of this vitamin. The role of 
vitamin A in the chemistry of vision is discussed under retinines, page 51. 

“ Ilelv. Chim Aeia, 13, 10S4 (1930). 

« Iltlc. Chim Acta, 14, 1431 (1931). 

^ Biothem J , 2G, 1191 (1932). 

” Help Chinx Acta, 16, 557 (1933). 

" Karrer, Endeavour, 7, 8 (1918). 
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A second important function of vitamin A is concerned ndth gronih, the nor- 
mal structure and healthy condition of teeth, mucous membranes, conjunctiva, 
and particularly with the epithelial tissue in general. However, ^dth normal 
uptake and in the absence of disease, there is no reason to believe that additional 
quantities of vitamin A are beneficial in the promotion of growth, resistance to 
infections, etc. Evidence is mounting that massive doses of vitamin A exhibit 
to^ic manifestations at least in infants. 

Some of the disabilities associated with old age are attributed, despite seem- 
ingly normal diets, to a deficiency of vitamin A, and the vitamin is being used in 
geriatrics.*® 

A deficiency of vitamin A may be caused by: (1) inadequate intake; (2) in- 
adequate absorption due to disease, c.g., obstructive jaundice which results in 
the absence of bile without which the fat-soluble vitamins are poorly absorbed; 
(3) inadequate utilization, c.g., disease of the liver; (4) increased requirements as 
in pregnancy, tuberculosis, and hypothyroidism. 

The minimum daily requirements of vitamin A arc 1500 units for infants, 
3000 units for children, and 4000 units for adults. Therapeutic doses should be 
at least three times these requirements. Quantities in excess of those actually 
needed are stored in the liver and the vitamin is available for further use. Vita- 
niin Ai, or crystalline vitamin A, consists of pale yellow needles, m.p. 63-64®. 
It is fat soluble and insoluble in water. It is unstable in air and light and in 
the presence of rancid fats, but stable to alkalies. 

The structure for vitamin A has been confirmed by various syntheses, and 
the synthetic product is steadily replacing the natural material on a comme> 
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” Bair, J.Am Med Asecc., 146, 1673 (1051), Hamson Md Mercer, Clncioed Clmie Quert 
20, 424 (1953). 

Lesser, Drug <t Cosmetic Ind , ^2, 762 (1953) 
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cia\ basis. j3-Ionone has proved to be the most useful starting material for syn- 
thesis of the vitamin, and an improved method is indicated on page 49.®^ 
Another synthesis, developed by Isler,“ converts /3-ionone into a Cu alde- 
hyde, which is then condensed with an appropriate Ce fragment. 

Vitamin Ai has a biological activity of 3,340,000 International (U.S.P.) units 
per gram. The methyl ether, the corresponding acid, the epoxide, and certain 
ester analogs of synthetic vitamin A have substantial biological activity, but 
most of the other synthetic analogs and isomeridcs of vitamin Ai which have 
been prepared are singularly lacking in potency. 

Vitamin A, like the carotcnols, exists in a number of cis-trans isomers. Ordi- 
nary crystalline vitamin A, as well as most commercial synthetic vitamin A, 
is the all-frans isomer. However, fish-Uver oils are known to contain mixtures 
of isomers one of which is nco-vitamin A. 

In addition to the synthetic material, the chief sources of vitamin A in nutri- 
tion, other than the carotenes, are the liver oils from cod, shark, halibut, burbot, 
percomorph, and other fishes, and concentrates prepared from the fish-liver 
oils. 

Cod Liver Oil, U.S.P. , is obtained by refining the oil of Gaddus morrhua by 
chilling it to about 0* to separate most of the stearins as solids which are filtered 
out. The refined oil must contain not less than 850 U.S.P. units per gram. One 
per cent of added flavoring substances is permitted, 

Nondcstcarinated Cod Liver Oil, U.S.P., must meet the same requirements 
as the official cod liver oil for vitamin A. It is the form in which much of the 
cod liver oil is imported and is not used directly to a great extent. 

Vitamin A concentrates are prepared by molecular distillation of the fish-liver 
oils, whereby the natural esters of the vitamin may be obtained in high concen- 
tration. These concentrates may then be incorporated into tablets, placed in 
capsules or dissolved in oil alone or admixed with other vitamins to provide a 
wide variety of suitable dosage forms. 

Oleovitamin A, U.S.P., is a solution of natural vitamin A in oil. It con- 
tains about 57,500 units of vitamin A and about 1000 units of vitamin D in 
each gram. Oleovitamin A is usually administered in capsules. 

Vitamin A 2 is a second vitamin of structure similar to vitamin Ai and exists 
as a fraction of fish-liver oils. This was clearly established by Shantz and his 
co-workers ” with its purification, preparation of crystalline derivatives, and 
the determination of its biological activity. Vitamin Aj has an activity of 1,300,- 
000 International Units per gram. 

For some time the constitution of this second vitamin A was the subject of 
considerable controversy. However, its total synthesis by Jones and associates ” 

*'-\S’cntHer,SUter,Trenner,andTisbler,/ Am Chem Soc , 73,7]9 (1951). 
”ls\eT,XIIthInlem Congr PureAppl Cftem,, Section 10, paper 98, Sept. 13, 1951 
“Shantz, Science, 108, 417 (1948); Shantz and Brinkman, J Biol. Chem , i83, 467 
(1950). 

“Farrar, Hamlet, Henbest, and Jones, Chemistry & Industry, 1931, 49: J Chem. Soc.. 1952, 
2657. 
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together with proof offered by others gave confirmation to the 3-dehydrovita- 
min Ai structure, that is, with a safranal type of cycle. 


CHs CH, 


CHj 
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-CH=CH— C=CH— CH=CH— C=CII— CH2OH 
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Vitamin A, 


It was early recognized that the chemistry of \ision is intimately associated with vita- 
min A and its corresponding aldehyde, known as rctinine. Though many details still 
await solution, it is clear that light-sensitive pigments are found in the retina of the eye. 
These have been identified as proteins bearing carotenoid prosthetic groups, and they 
are colored and sensitive to light. On exposure to light, the pigments bleach, and reti- 
nine, freed from the protein, is converted, during the visual process, into vitamin A. 
In the dark, this process reverses and \dt'imin A is oxidized to retinine to recombine with 
the light-sensitive pigment. 

Four pigments are known, formed by combining two retinines with two visual proteins 
or opsins.” Retinine; combines with rod opsin to form rhodopsin and with cone opsin 
to make iodopsin. Retininej combines with rod opsin to make porpbyropsin and with 
cone opsin to make cyanop«in. The visual cycle has been summarized in the accompany- 
ing scheme for rhodopsin, also commonly known as visual purple.*^ 


Rliodopsin 



\ii^t 


Lumirliodopsin 

i 


Metarbodopsin 


i 


as-Retinine ( ' frans-Relininc + Opsi 

‘I'einyme J.en»yji>e 

nWitamin A ^ ^ Irons- Vitamin A 

T A 

(uormntstion) 

Blood < Blood 

body stom 


STEROLS 


The sterols comprise a large group of naturally occurring substances 'vhich 

derived from the hydrocarbon, cyclopentanoperhydrophenanthrene. The 

term steroid has been widely adopted for a large number of derivatives which 
include: (1) the sterols, (2) the bile acids, (3) the cardiac aglycones, (4) the 
sapogenins of digitalis and sarsaparilla, (5) vitamin D, (G) hormones of the 


“Fieser, J. Org Chem , 15, 930 (1950). Karrer and Schneider. Utlv Chtm Aeta, 33, 33 
(1950) 

" Wald, Brown, and Smith, femrr, 118, 505 (1953); WaU. 

" aid, Ann Rev. Biochem , 22, 497 (1953); Baumann, *5id , 22, 5-7 ^U5J^ 
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adrenal glands, (7) the genins of the toad poisons, and (8) many carcinogenic 
hydrocarbons. 

Sterols occur in every cell of plant or animal origin, though they appear to 
be absent from the cells of bacteria. It can be said that they are present in 
every cell wth a developed nucleus. The sterols of animal origin are knoivn 
as zobsterols, those of plant oripn as phytostcrols, and those from fungi as 
mycosterols. The close relationship between these sterols is showm by a com- 
parison of their formulas. Their chemistry is quite well understood. They un- 
doubtedly play a very important part in all life processes. The more important 
products derived from the sterols are considered under appropriate headings, 
such as the cardiac glycosides, bile acids, etc. 

Cholesterol is the principal animal sterol. Stigmasterol is widely distributed 
in plants. Ergosterol, found also in ergot, is the principal yeast sterol. 

Cholesterol, U.S.P. (Cholcstcrin), occurs in all cells of man cither free or as 
an ester of fatty acids. The total quantity of cholesterol in the body is about 
0.3 per cent of the wet weight, the largest amounts being present in the skin and 
nervous tissue. Cholesterol is a likely precursor of many steroid hormones and 
plays a key role in the transport of neutral fat. 

Cholesterol is water insoluble but soluble in most organic solvents. It is 
used along \rith its esters in ointment bases to render them hydrophilic. Its 
place in pharmacy is becoming increasingly important.** 

Although the structure of cholesterol has been known since 1932, its total 
synthesis was described for the first time by Woodward in 1951.** 

The formula for cholesterol indicates the method of numbering and the rela- 
tive configuration The degradation of ring A to D(-f)malic acid enables the 
scientist to speak with considerable accuracy on this point. 



In this molecule the two methyl groups, Cw and Cw, are cis. The hydroxyl group at 
position 3 is CIS, and the configuration at tlus position is designated as /3-j the hydrogen 
atoms at C, and Ci? are Irana and are des^nated as a-. 

In the reduction of the double bond the hydrogen atom adding to Cs may take a P®' 
sition a or irons to the angular methyl group at Cw, giving rise to a compound in which 
nngs A and B are irons, this compound is known as cholestanol. Or the hydrogen atom 

»*I.esser, Drug & Cosmetic Ind , 73, 52, 758 (1953); 74, 200, 357 (1954). 

« Woodward. Sondheimer, and Teub, J Am Chem. Soc , 73, 3548 (1951). 

" Prelog et al , Helv. Chim. Acta, 36, 325 (1953). 
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15 a prominent component of the lesioM 

thfetyne of T" h i-o'e of cholesterol in 

some^rV^ pafholop has been stressed by Gofman and his associates,- and 
other h n/ V dictaiy cholesterol may be responsible. On the 

other hand, it has been found that acetate is converted in vivo via squalene into 
holes erol as .„d,cated.-t« it ,^,1 be „„ted that in the conversion of .squaLl 
into cholesterol, there is a loss of three carbon atoms. 


C 



H»Misoprcno!il airtitgetneBt ef Sito»t*rol 

eifbon •torn* m «<iu«t«n« la daiyiire»Jte»Un>l the deuble bead U hydnreoited 

d-(f*h N.N.R. (Cyteltin), i.s a mixture of 80-90 per cent ^-sitosterol and 

y rositostorol. It appears to facilitate fecal elimination of cholesterol and 
3 IS proposed for treatment of hypercholesterolemia. 


Vitamins D 

e \*^**”''**' ^ Consists of several distinct but closely related chemical substances 
aving the ability to prevent and to cure rickets, a disease in humans char- 
ge erized by the defective calcification of the bones. McCollum and his asso- 
cia es named the antirachitic substance in cod liver oil, “Vitamin D,” and the 
as been retained and applied by custom to include all antirachitic steroid 
substances. 

piscovery of the fact that certain sterols, from the unsaponifiabic matter of 
became antirachitic upon exposure to ultraviolet irradiation Jed 
he treatment of ergosterol, from ergot and yeast, by this procedure The 
Gmical changes produced in ergosterol by ultraviolet irradiation may bo ren- 
'^sented as folloivs; 

^'■gosterol ^ Lumosterol Tachystcrol — » 

Calciferol — * Tori^terol —* Siiprasterols 

Gofman, Lindgren, Elliot, Mantr, Stnsoner, and Herring, Science, 111, IGC (lOoOj, 
11,358 (1051) 

^^aubenandTakemura. J Am Chem 5«x: , 73, C3(G (1933) 

chnenk, Todd, and Fish, ,4rcA Biochem BiojAyt , 49. 187 (1934) 
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Erfotterol 

(Pmviitrnin 



C«tcifml 
(ViUmm D^) 


Of these substances, only calciferol is strongly antirachitic. 

Toxistcrol and tlic suprastcrols result from excessive irradiation of calciferol 
and, as impurities, arc probably responsible for the toxic effects of vitamin D 
reported in humans. 

Vitamin D and preparations containing this vitamin arc used in the treatment 
and prophylaxis of rickets and tetany. There is good evidence that vitamin D 
along with the parathyroid hormone regulates calcium and phosphorus metab- 
olism and that it is an essential factor in the mechanism controlling growth and 
mineralization of the teeth and bones. Consequently, it is used in a number of 
conditions believed to bo caused by faulty calcium and phosphorus metabolism, 
such as dental caries and arthritis. Some cases of psoriasis have been reported 
to be improved by massive doses of vitamin D. 

Deficiency of vitamin D is caused chiefly by inadequate intake. This may be 
caused by poverty which prevents the poor from purchasing those relatively 
expensive foods listed as rich in vitamin D, Individuals living in crowded cities 
where the streets arc narrow and where smoke and dust prevent the penetration 
of the ultraviolet rays of the sun do not secure the vitamin D formed in the 
skin by the sun’s rays. Inadequate absorption due to disease and abnormal re- 
quirements in disease and during pregnancy and lactation are other factors that 
predispose to deficiency. 

The average daily requirement of vitamin D is from 400 to 800 U.S.P. or 
International Units. Since 1949, the International Unit (I U.) of vitamin D 
has been defined as the vitamin D activity of 0.025 7 of pure vitamin D 3 or 
activated 7-dehydrocholesterol. 
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Calciferol, U.S.P., Vitamin D^, Is obtained in cryblalline form, m.p. 115- 
118®, and is marketed ns irni(liate<i erRosterol in oil (Viosterol). The crystals 
have a potency of *10 units of vitamin D (U.S.P.) per microgram. 

Vitamin D3 (Activated 7-Dchydrocholestcrol) is the natural vitamin D occur- 
ring in various fish liver oils along with vitamin A. It consists of white ciystals, 
m.p. 82-84®, levorotatorj', soluble in alcohol, acetone and ether, but insoluble 
m uatcr. Crj'stallinc vitamin D3 in humans is of equal potency to vitamin D2. 

Vitamin D4 (Activated 22-Dihydroergoslerol) is nearly as active as calciferol. 

Other sterols that have been irradiated and examined for their vitamin D 
activities arc 7-dchydrositostcrol, 7-dehydrostigmastcro!, and 7-<lehydrocampcs- 
terol. Dihydrotachystcrol, from the reduction of tachystcrol (an isomer of 
calciferol), in combination with calciferol is particularly useful in raising the 
level of scrum calcium. 

Ihc relationship between some of thcj>c compounds is illustrated by their 
formulas on the following page. 

From what has been said and from the formulas given, it is evident that 
^-dehydrocholcstcrol is the natural precursor of vitamin D, and it is from this 
substance that the vitamin D activity is derived on exposure of the skin to sun- 
hght or ultraviolet light. 7-DehydrocholestcroI may be obtained by boiling 
ttcetylcholesterol in acetic acid with quinonc under the influence of mercury 
Jight.^< Another synthesis prepares 7-bromocholcstcryI acetate, which on heat- 
ing uith dicthylaniline loses hydrogen bromide; the resulting 7-dchydrocholcs- 
teryl acetate is then hydrolyzed 

The total synthesis of cholesterol having been realized, the total synthesis 
of vitamin Da” may now be considered as solved. ^ 

Synthetic Oleovitamin D, U.S.P., w a solution of activated ergosterol (vita- 
min Dj) or activated 7-dehydrocholcslcrol (vitamin D3) in an edible vegetable 
oii- It must contain at least 10,000 units of vitamin D in each gram. 

Concentrated Oleovitamin A and D may be a fish-liver oil, or a solution 
of a fish-hver oil or concentrates of vitamins A and D in an edible vegetable oil. 
ft contains about 57,500 units of vitamin A and about 11,500 units of vitamin 
^ in each gram. It is usually administered in the form of capsules, which aie 

official 

Oleovitamin A an<l D, N.F., may be a fish-liver oil, a mixture of a fish- 
*>ver and an edible vegetable oil, or a solution of concentrates of vitamins A 
D in an edible vegetable oil or in fish-liver oil. It contains about 1000 units 
nf vitamin A and about 100 units of vitamin D in each gram 


Mazza and Migliardi, Quad nulrtz . 8, 85 (llMl), C A . 37. 37C2 (1943) 
Henbest, Jones, Bide, Peevers, and Wilkenson, Naiure, 158. to J 
Woodward, Sondheimer, and Taub, J. Am Chem Soc, 73, > 
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T-Dehydrocboletterol 
(PtwUmift Dj) 



CH— CHzCHjCHaCH 




Activated 7•De^ydrechoIeaterol 
(ViUmin Dj) 



7'Dehydi«»>t«steTo| 
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AROAIATIC ALCOHOLS 

Aromatic alcohols structurally are aliphatic alcohols in which a hydrogen at- 
tached to a carbon has been replaced by an aromatic hydrocarbon radical. 
They may be regarded as ar 3 ’l derivatives of carbinol and often are so named. 
They have the chemical properties of the aliphatic alcohols. The chief marked 
difference is that the H and OH when alpha to the aromatic ring ate unusually 
active. 

Benzyl Alcohol, N.F. (Phenylmelhanol, Phenylcarbinol), C 6 H 5 CH 2 OH, b.p. 
200'206°, occurs as the eaters of benzoic and cinnamic acids in balsams of Peru 
and tolu, in many volatile oils, storax resin, etc. It is soluble about 1 to 25 in 
water and is soluble in fixed oils and miscible with alcohol, ether, and chloroform. 
It is synthesized by heating benzyl chloride with a base, 

2CeHBCH2Cl -b Ca{OH)i SCaHtCKjOH + CaCij 

It is markedly antiseptic and has a local anesthetic action on mucous surfaces 
and when injected. In low concentrations, it is nontoxic and relatively non- 
irritant, but the concentrations necessary for strong local anesthesia on injection 
are irritant. It is used in ointments, usually about 10 per cent, to relieve the 
itching of dermatitis and pruritis. It is also used in solutions for injection in 
concentrations of 1 to 4 per cent as an antiseptic stabilizing agent and to reliev’e 
pain on injection. 

/S-Phenylcthyl Alcohol (Phenylethanol, Benzylcarbinol, Phenethyl Alcohol), 
C 6 H 5 CH 2 CH 2 OH, js found in rose oil and oil of neroli; because of its excellent 
and pleasant odor it is verj’ useful as a perfume. It has been reported to be more 
anesthetic than benzyl alcohol and 0 / about the same toxicity.*^ 

PHENOLS 

Phenols are compounds in which the hydroxyl group is substituted directly 
into the aromatic nucleus. As a general rule, the chemical properties of the 
phenolic hydroxyl group arc similar to those of the alcoholic hydro.xyl. There 
is one decided difference It has been pointed out that sodium reacts with alco- 
hols to liberate hydrogen and form sodium alkoxides; these arc unstable in water. 
The phenolic hydroxyl is sufficiently acid so that it will react with aqueous solu- 
tions of alkali to form sodium sails of the phenols, for example, NaOCellj. Other 
phenols form analogous salts. Tlicsc alkali phenoxides are soluble in water, 
but they are salts of what may be called wiy' n'cak acids, and, on the addition 
of carbon dioxide to their solutions, the phenol is liberated J'hc ionization 
constant for phenol is 1.3 X as compared to about 1X10 for ethanol. 

U is this slightly acidic property that is responsible for the fact that phenol i.s 
sometimes knoum as carbolic acid, and for the designation as “tar acids” of 
the fraction obtainc<l from coal tar which contains the lower phenols. 

*’ Hjort nnJ Ilignti, J Pkarmaeol , 1 1, 21 f (I9I9)- 
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Prolonged exposure to low concentrations of phenol may lead to injury to the 
kidney and to nutritional disturbances. Contact of phenol with the skin, except 
in diluted solutions, causes irritation, and, if the contact is prolonged, necrosis 
may result. 

Phenol has come to bo an important industrial material, for example, the 
phenolic-aldehyde resins are widely used and extensively applied. However, it 
is because of their antibacterial properties that phenols are of particular intere.st 
to pharmaceutical chemists. 

The more common phenols, with nanie.s and properties, are listed in Table III. 

TABLE III 


P«KWOW 


Common 

Name 

1 

i Other Names 

1 

Melting 

Point 

*C. 

Boiling 

Point 

*C. 

Specific 

Gravity 

Phenol 

Ilydroxybcnzcne, phenyl liydrox- 1 
ide 1 

41 

182 

I.071„ 

o-Cresol 

(^Ilydroxytolucne, 2-mctliyl- i 

1 phenol, I-ljydfOxy-2-melhyh 
benzene 

30.1 

190.8 

1.051 

m-Cresol 

m-IIydroxytolucne, 3-mcUiyI- 
phenyl, l-hydroxy-3-mctiiyl- 
benzene 

10 

202 8 

1 035 

p-Crcsol 

P-Hydfoxytoliwnc, -l-mcthylpho- 
nol, l-liydroxy-l*mcth)’lhcnzcnc 

34.8 

201.1 

1 039, » 1 

Catechol | 

1 ,2-Dihydro\ybcuzcnc 

105 

245 

1 344 

Resorcinol 

1,3-Dihydroxy benzene 

no 

276 5 

1.285.» 

Quinol 1 

1,4-Dihydfovybcnzcne, hydro- 
quinone 

170 5 

286 2 

1 332,, 

Guaiacol 

l-Hydroxy-2-methoxybenzcne, 

catecholmoiiomcthylclhcr, 

2-methoxyplienol 

28 

205 1 

1 I43u 

a-Naphthol 

l-Hydroxynaphtlia!cno 

96 

280 

1 099« , 

/3-Naphthol 

2-nydroxynaphthalcne 

122 

286 

1 217 

l-’vrofl;allol 

1 ,2,3-Trihydroxybenzcac 

134 

309 

1 453 

Thymol 

2-Isopropyl*5-methylphenol 

51 6 

231 8 

0 969 

Carvacrol 

5-Isopropyl-2-mclhyJphcnol 

0 5 

237 9 

0 976 


Thymol and carvacrol (both containing the p-menthane carbon skeleton) oc- 
cur naturally. Thymol is found in oil of thyme, and carvacrol is the chief 
constituent of oil of origanum. Chavicol, p-allylphenol, is present in bay oil 
and in oil of betel leaves. Catechol is found as a constituent of the catechu 
resins and in certain tannins. Resorcinol occurs as a constituent of many resins 
and tannins. Phloroglucinol occurs in some natural resins and in the glucoside, 
phloridzin Pyrogallol is found in some tannins. Numerous compounds that 
may be regarded as derivatives of the phenols occur in natural product.^, e.g., 
phenolic ethers, aldehydes, ketones, and acids. Other phenols are not found 
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as such in nature; they, as well as all the other phenolic bodies, are obtained by 
direct synthesis or by degradation of other compounds. Thus phenol and the 
three cresols arc obtained by the distillation of coal, and they are the chief com- 
ponents of the so-called tar acids; guaiacol is a constituent of wood tar; pyrogallol 
is obtained by the pyrolytic decarboxylation of gallic acid, 3,4,5-trihydroxyben- 
zoic acid. 


Antiseptic Activity 

Modern antisepsis began wth Lord Lister (1865), who learned from Pasteur 
about bacterial infection and was the first to use phenol in combating infection 
m surgeiy. The next natural development was to use the cresols, thymol, and 
carvacrol. The next great advance was made about half a century later, when 
Johnson and Lane reported that in a series of homologous alkylresorcinols the 
antiseptic potency increased with increase in the size of the alkyl. This dis- 
covery led, quite naturally, to the synthesis and examination of all manner of 
alkylated phenols, and the journals abound with original data regarding syn- 
theses and bactericidal properties, and numerous patents have been issued co\’- 
ering nearly every conceivable phenolic derivative. These compounds have been 
evaluated for their antiseptic properties in terms of a standard known as a 
"phenol coefficient.” 

The term phenol coefhcjent is a ratio of bacteilcidal activity of the modified phenol 
as compared to phenol it«clf. Since the conditions of the test, the nature of the culture 
medium, the type and mbllity of the organisms, temperature, etc , influence the results 
60 greatly, the official procedure is rather strictly prescribed. Even with the observance 
of these strict injunctions, it is often impos-siblc for reputable workers in different kibora* 
toriw to check each other’s results within desirable limits. Ncverthelc&s, the phenol co- 
efficient of an antiseptic permits convenient comparison of the relative activities of phe- 
noHc compounds; however, it does not allow much conclusion ns to the choice of any 
particular antiseptic for n specific condition. 

The official method of assa"’ * *“*' * “** — potencies is described In 

Circular 198, United States ' ‘led “United States Food 

and Drug Administration Me ' Disinfectants December 

1931." It is estimated that in the official test for antiseptics, approximately 3 X 10'- 
molecules of phenol are required to kill one org.anism. 

Table IV is compiled from various sources and from various data. Since all 
the results were obtained under conditions which do not justify strict comparison, 
the table is given only to show relative effects and to justify’ general conclusions 
ms to the effect of chemical structure on bactericidal activity' in the phenolic 
compounds. 

On the basis of available data, several generalizations may be permitted: 

L Practically every’ phenolic compound pos-scsses antibacterial properties 

2. As a rule the intro<luction into the phenolic molecule of groups or suli- 
fititiicnts such ns alkyl, nlkoxyl, alkylthiol, and Imlogcn incre.ves the baclerieidal 
fictivity” tlic larger the alkyl group, the greater the nnti-'eptic activity. 

'*’^-Am.Chem Soc., 13,318 ( 1921 ). 
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TABLE IV 


Antiseptic Activities op Phenols 


Phenol 

Boiling 

Point 

*C. 

Melting 

Point 

"C. 

Phenol CocfTicicnt 


B. typhosus 

1 S. aureus 

Phenol 

182 

41 

1 

1 


p-Cresol 

202.8 

34 8 

2 - 2.5 

2-2.5 (1,2,3,) 

p-Ethylphenol 

219 

46 

6 3-75 

6.3- 7.8 

: (1,2,3) 

o-n-PrODvlnhenol 

233 ■ 

22 

' 18.3- 21.6 

16 3- 24 

(1.2.3) 

p-n-Butylphenol 

246 -250 

— 

46 7- 70 

44 - 52 

(1,2, 3, 4) 

p-n-Amylphenol 

262 

1 <0 

! 53 -197 

125 - 139 

(2.3,5) 

p-n-Hexylphenol 

lS5i( 

— 

1 33 -500 

313 - 375 

(2.3,5) 

p-n-Hcptylphenol 

165i6 

— 

1 17 -20 

625 

(2,3) 

o-n-Butylphenol 

234 -237 

— 

75 1 

52 

(2.4) 

m-n-Butylphenol 

247 -249 

— 

— 

52 3 

(4) 

p-sec-Butylphenol 

241 

1 61 - 62 

' — 

27.5 

(4) 

p-iert-Butylphonol 

236 -238 

! 99 

— 

19 - 22 

(4) 

Resorcinol 

277 -281 

no 

— 

1 0.3- 0.37(5) 

4-Ethylrcsorcinol 

131,. 

97 - 98 

— 

1 15- 16 

(5,6,7) 

4-n-Propylre3orcinoJ 

Il72 -174„ 

! 79 2- 79 4 

4 8 

4.3- S 

(3,0,7) 

4-n-Butylresorcinol 

|196 -200i, 

! 61 4- 51 7 

IS 

' 8-22 

(5,6.7) 

4*n-Amylrcsorcinol 

168 -170, 

72-73 

47 

30 3- 33 

(5.7) 

4-n-Hexylresorcinol 

4-n-Heptylresor- 

178 -180f 

62 - 62 5 

147 

'40-08 

(5,7,8) 

cinol 

— 

70 4- 70 8 

350 

24 - 205 

(6, 7, 8, 9) 

4-n-Octylresorcinol 

— 

70 2- 70 4 

400 

0 - 690 

(5,8) 

4-n-Nonylresorcinol : 

— 

72 5- 73 

— 

0 -1000 

(5.8) 

4-Ben2yIresorcinol 

— 

76 -77 

18 3 

11 3 

(10) 

4- Isohexylresorcinol 
4-Cyclohexylresor- 

182 -183, 

69 5- 70 

105 

27 

(5.8) 

cinol 

— • 

124 -125 

— 

24 - 27 

(9) 

4-n-Hexylcatechol 

— 

164 -169 

— 

129 

(11) 

4-n-HcxylpyrogaIlol 

n-Hexylphloroglu- 


104 -105 

1 — 

1 26 

(12) 

emol 

— 

— 

— 

8 

(13) 

4-n-Hexyloxyphenol 

48 

— 

18 

67 - 100 

(4.14) 

3-n-Hexyloxyphenol 

145, : 

— 

46 

125 

(15) 

2-n-Hexyloxyphenol 

4-CbIoro-2-n-hexyl- 

114 -116,, 


17 

28 

(16) 

phenol 

2-Chloro-4-n-hexyl- 

132, 

~~ 

23 

1250 

(17) 

phenol 

2-RIethoxy-4-n- 

273 -275 

— 

23.3 

444 - 500 

(3,18) 

hexylphenol 

4-Fluoro-2-n-hexyl- 

165 -167„ 

— 

1 ^ 


(2) 

phenol 

4'n'Hexylthio- 

— 

— 

62 


(21) 

phenol 

— 

58 

40 

200 - 230 

(19,20) 

S-n-Hexylresorcinol 

— 


22 

49 
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3 For a given alkyl group the greatest activity is found with the normal pri- 
mary alkyl group; the isoalkyl groups arc less active; activity decreases when 
the alkyl group is secondary, least activity is found in the tertiary alkyl groups, 

4. A second phenolic hydroxyl group decreases the activity to approximately 
one-third. Thus resorcinol is about a third as active as phenol, n-be.xylresorcinol 
'vith a phenol coefficient of approximately 70 is about a third as active as n-hexyl- 
pheno! ivith a coefficient of about 200. The alkylpyrogallois and alkylphloro- 
glucinols are still le&s active, 

5, There is some indication of specificity, that is, preferential activity, against 
certain types of organisms But the evidence is not sufficiently clear cut to 
Justify definite conclusions 

C. The introduction of a hydroxj’l group into the benzene ring decreases the 
narcotic and increases the convutsant activity. The relative toxicity of phenols 
is decreased by hydrogenation, etherification of the hydro.xyl group, and alkyla- 
tion of the ring 

A most interesting investigation in the field of phenols has been in the vermi- 
cidal and vermifugal properties This work shows that many of the alkylated 
phenols are ascaricides and that they are effective in treating hookworm infesta- 
tions The best of all the compounds is hexylresorcmol, which is usually effec- 
tive in one dose, and practically always effective if a second dose is administered. 

The antifungal action of phenols and cresols has been reviewed by Stedman.*® 

In clinical trials against dermatophjrtoses, 2,4-dinitro-o-cyclohexylphenol was 
superior to imdecylonic acid but was more irritating. Although cresol deriva- 
tives have not been investigated as extensively as phenol compounds, w-cresyl 
acetate was found to be very effective against otomycosis. 

** Stedman, Bull Nall Formulary Comm , 18, 153 (1930) 
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i\Ionoliyclro\y Phenols 

Phenol, U.S.P. (Carbolic Acid), CeHsOH, is a crystalline solid, m.p. 41-42°, 
with a characteristic odor. It often turns pink or red, owing to partial oxidation. 
It sublimes slowly and is readily distilled with steam. 

Phenol is prepared according to the equations: 

fusn] ftikali 

(o) CjHiCI > CallfiOH 

Chlorr>l>rnirne P>ipnot 

_ ru«<*d Alkali _ 

(6) CalliSOjH > C«HbOH 

nenzen«Hu)loni<> 

ir,o 

(c) CeHiNs-HX > CjHsOH 

Diatonittm 

salt 

Reactions (a) and (6) are used commercially, (a) finding greater acceptance. 
The last reaction is not practical for phenol hut is representative of special ca.se.s 
for converting aromatic amines into their corresponding phenols. 

Phenol is used as an antiseptic in solutions of to 3 per cent strength to 
check bacterial growtli as in gargles and lotions, e.g., Phenolated Calamine Ijotion, 
V.S.P.’, Phenolated Water, Antiseptic Solution, N.F,; Alkaline Antiseptic Sohi~ 
tion', and Dohell’s Solution. The mild local anesthetic action of phenol is utilized 
in the form of lotion and ointment, e g., Phenolated Oil and Phenol Ointment 
in the treatment of itch. For the relief of earache, a 3 to 5 per cent solution in 
glycerol or olive oil is used. In high concentrations, phenol is caustic and it 
acts as a general protoplasmic poison. Internally, it is rapidly absorbed and so 
has little value as an intestinal antiseptic. The advent of more efficient anti- 
.septics and analgesics has caused the use of phenol to decline. 

Liquefied Phenol, U.S.P. (Liquefied Carbolic Acid), is a solution of water, 
10 per cent, in phenol. It is a convenient solution in the preparation of more 
dilute phenol solutions, etc. 

a-Naphthol (or-Hydroxynaphthalene) has a phenol coefficient slightly greater 
than phenol. A preparation known as Benotol consisting of a solution of this 
phenol in glycerol and soft soap is used as a disinfectant and deodorant in the 
form.s: solution, capsules, tablets, ointment, vaginal .suppositories, etc. 

OH 



a-Naplitliol fl-Naphthol 


/3-Naphtliol (/5-Hydroxynaphthalene), with its o-isomer, occurs as a constit- 
uent of coal tar. It is reported to be much more effective as an antiseptic than 
phenol. It IS irritant to the skin and mucous surfaces when applied in solution. 
Toxic results such as kidney irritation, eye damage, and reduction in the red 
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blood cells have been reported from its absorption. It is used externally in the 
form of dermatological pastes and ointments 1 to 10 per cent for the treatment 
of acne, psoriasis, and other skin diseases. Internally, it is used as an anthel- 
mintic in the treatment of hookworm infections, but it is inferior to thymol. 


Polyhytirovy Phenols 

The dihydric phenols resemble the monohydric in most of their chemical 
properties The presence of a second hydroxyl group increases the solubility in 
Water, and, when the hydroxyls arc in the ortho or para position, the compounds 
are very easily oxidized; the ortho and para compounds are valuable reducing 
agents ^v•hich serve as dcA’clopers in photography. The three isomers are im- 
portant constituents of drugs, 


on Oil Oil 



The activities of the dihydric phenols arc more intense thon that of phenol, 
and the same orientation influonccs mentioned for the cresols seem to hold; 
eg, in the frog and in the guinea pig the M.L.D. of catechol and fiuinol are 
cfiual and about half that of re.sorcinol. 

Catechol (Pyrocatcchin, o-Dihydroxybenzene) occurs in a number of rc'ins, 
{“specially catechu. It is the most toxic of the three dihydric phenols. It is 
not Used as such in medicine but it is used in the form of its monomctliyl ether, 
guaiacol. 

Qiiinol (Ilydroquinone, p-Uihydroxybcnzcnc) is aNo toxic, but Ic.s.s so than 
eatochol and more .so than phenol or resorcinol. It is iiscfl medicinally only in 
die form of derivatives .such as the glycoside arlmtin fiom Cia urst 
The reducing action of liydnKininone makes it a valuable agent as an anti- 
oxiikinl or inhibitor for the stabilization of foods and clicmicaN 

Ursorcinol, U.S.P. (Resorcin, m-l)iliydnixybenzcne), in Icfvs toxic and less 
irritant (lian the other two isomers It is usexi ns such and in the form of dcriva- 
dvc.s. It consists of xvhitc co’sbals that turn pink on exposure to air and light, 
109-111", i,olubloin\vaterl:0ft 

It lia.s been used internallj as an intestinal aiitis<“{)iie R ‘‘bie/iy by 

'•'ti-Tnal application m the form of pastes, eg. MtM oud Strong Jtcsortwol 
I'atie, jijid in (he form of omtrnenf.s, eg, ComjHjimd Uf^orciml OmtmnU, \ t , 
the treatment of skin disease-s such ns eczema, psona-sH, and acne, and in 

lonie.s to (rvat aloperia and M'lHirrliea 

Resorcinol .Monoaeclale, »N.F. («i-IIydn>x\plun'l .\eeta!e ' Kiirrsol ), 
l»^C4HjOn.OOCCIl3, IS a Icmon-colorol 01I3 Inpud, ^llghtb soluble 111 uatcr 
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but soluble in alcohol, acetone, and most organic solvents. It is used in the form 
of ointments, solutions, and lotions for the same purposes ns resorcinol but is 
reported to bo less irritant and to give a more prolonged effect because the res- 
orcinol is gradually liberated by the hydrolysis of the ester. 

The three isomeric trihydric phenols arc not used c.\tcn.sivcly as medicinal 
agents, 


OH on OH 



OH 


PifogaiM, Pb}araf}art/t^f. 

1,2,3-tririydroiybeniene 1 A<-<nhydMnjrben#fnc l,3.5*tnh)aroiybenipne 

The introduction of a third hydroxyl group as in phloroglucinol decreases 
the toxicity; phloroglucinol is the least toxic of the di- and trih3’dric phenols. 
Whether the substituted group is hydroxjd or not, it seems that substitution 
in the meta position yields the least toxic compound. In phloroglucinol the 
ma.ximum number of mcla arrangemenU gives a relatively nonto.xic product in 
terms of minimum lethal dose. However, ns the number of hj'droxyl groups 
attached to the benzene ring increases, the hemolytic acitivity of the compounds 
increases. 

Pyrogallol, N.F. (PjTOgallic Acid), is made by beating gallic acid to dcrar- 
boxylate it: 


OH on 



It is a white powder turning slightly graj’ on exposure to air and light, m.p. 
130-133“, b.p. 309“, readily soluble in water 1:1.7 and in alcohol and ether. 
It is a powerful reducing agent; this property’ is utilized in gas anab’sis for the 
absorption of o.xygcn It is an irritant, antiseptic, and caustic, producing a 
black stain when applied. It is used in the form of solutions, lotions, and oint- 
ments in the treatment of psoriasis, ringworm, and parasitic diseases of the 
skin and to a considerable extent m hair dyes. It is readily absorbed and may 
produce toxic symptoms unless used with caution and in moderate amounts 

Phloroglucinol (sf/m-Trilij'dioxybenzene) is not used medicinally. It occurs 
as a constituent of many rCMns and as the aglucon in the glucoside, phloridzin. 

Anthralin, N.F. (Cignolin, 1,8,9-Anthratriol), m.p. 175-181“, is an odor- 
less and tasteless yellow, crystalline powder, insoluble in water, slightly soluble 
m alcohol and ether, and soluble in chloroform and acetone. It forms jtIIow- 
ish-orange-coloied fluorescent solutions in sodium hj'droxidc uhich oxidize read- 
ily in air. Anthralin is used by local application 0.1 to 1 per cent strength in 
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cream and ointment form to treat psoriasis and dermatosis. It has less tendency 
to discolor the skin and cause dermatitis than chrj’sarobin. 


OH OH OH 



Anthnlm 


Alkylated Phenols 

The alkylated phenols and products derived from them are used extensive^' 
as antiseptics and bactericides. The simplest of these, the isomeric cresols, have 


CHs CHj CII, 



OH 

m-Cresol p-Cresol 


been prepared synthetically but they are not used singly as antiseptics since 
they are more expensive than the mixture obtained from coal tar. 

The alkylation of phenols alters the toxicity and antiseptic activity. Of the 
cresols, the mela compound is least toxic whereas the ortho and para isomers 
have different activities in different animals; eg , the M L.D of o-crcsol in the 
rat is greater than that of the para compound whereas in the dog the M.L D. 
is greater for the para compound The germicidal activity of the alkylated 
phenols is inhibited by soaps prepared from unsaturated fatty acids; there is 
no such inactivation in the presence of saturated fatty acid soaps.*® 

When two alkyl groups are present as in the xylcnols, the activity is decreased, 
likewise, in compounds such as thymol and carvacrol, the activity is decreased 
that the compounds are less toxic than the xj'lenols. 

Products 

Crc«.ol, U.S.P., is a mixture of o- m-, and p-hydroxytoliicno obtained from 
coal tar. It is obtained from the middle layer or carbolic oil layer from which 
the fraction distilling between 195® and 205® is separated 
Crcsol resembles phenol in properties, but, since it is less soluble in water (about 
1*50), soap solutions are usually cmpl<^'ed, c.g , SaponaUd Solution of Crcsol, 

^ Various proprietary’ protiucts such as Lysol, Creolm Pe.arson. and Phonoco 
are mixturc.s of cresols or homologs of cre.sol in soap solution. 

Crcsol is a stronger anti^septic tlian phenol and more economical. In the form 
of f'oap solutions and emulsions it is used as an antiseptic for minor cut.s and 

“Ilarlunj;, U. S. pit. 2,25l,03» (1011). 
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wounds, for the disinfection of hands, instruments, and discharges, as a deodor- 
izer in toilets, etc. It is also used in dilute solution, usually 0.5 to 1 per cent, 
for irrigations and as a douche. It is extensively used as an antiseptic in veteri- 
nary medicine. It is also used as a preservative, e.g., in serums (about 0.4 per 
cent). Cresol is less toxic than phenol. 

m-Cresyl Acetate (Cresatin, m-Tolyl Acetate), CH3C6H4O — COCH3, is an 
oily liquid, slightly volatile, insoluble in water but soluble in organic solvents 
It is used as a spray in combination with menthol, camphor, and methyl salicyl- 
ate in oil solution. It is mildly antiseptic and anesthetic in action. 

Thymol, N.F. (Thyme Camphor), colorless crystals, m.p. 48-51°, has an 
aromatic odor and a very pungent taste. It is obtained from the volatile oils of 
th5Tne {Thymus vulgaris and other species), ajowan fruit (Caricm coplicum), and 
horsemint (Monarda punclala) and occurs to some extent in many other volatile 
oils. The volatile oil is treated with sodium hydroxide; the aqueous liquid is 
separated and treated with acid when the thymol is precipitated. It can also 
be made synthetically from cymene. Thymol may be synthesized by causing 
isopropyl chloride to react with m-crcsol in the presence of AICI3 at temperatures 
between —20 and 0°.*‘ It is soluble in water about 1:1000 and readily soluble 
in alcohol, ether, and chloroform. 


CHj CH. 



Thymol Carvacrol 


It is an antiseptic and an anthelmintic. In dilute solution it has a pleasant 
taste and leaves a sensation of cleanlinc&s. Consequently, it is a common con- 
stituent of most antiseptic and deodorant mouth washes and many preparations 
used as gargles. It is active against many yeasts and molds and is used as a 
preservative. It has a phenol coefficient of about 28 but is reported to be rela- 
tively ineffective in the presence of large amounts of organic matter. It has 
been used internally to a limited extent as an antipyretic and antiseptic. The 
chief internal use is in the treatment of hookworm infestations, when it is usually 
administered as a fine powder and followed by a saline cathartic. It is reported 
to be about one-fourth as toxic as phenol ; possibly this is because it is less soluble 
and more slowly absorbed. Part of the absorbed thymol is destroyed, and the 
remainder is e.xcreted as the ester of glj'curonic acid or of sulfuric acid. 

Carvacrol, 1 :2:4-C6H3CH3'OH-C3H7, is an isomer of thjmiol. It occurs in 
several volatile oils but is not used extensively in therapy. Its properties and 
activity closely re.semble those of thymol. 

Carpenter, U S pat 2,280,953, C-A., 36, 7242 (1942). 
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p-tcrt-Butylphcnol (Butylphen) at a dose level of 0.2 gram per pound is 
effective in removing ascarids, hookworms, and whipworms from dogs.*- 
Octyl Cresol is a mixture of the octyl derivatives of the three isomeric cresols 
obtained from coal tar. It is a viscous transparent liquid having germicidal 
activity against Gram positive organisms. It has been used in tricthj’lene glycol 
solution as a fog for the sterilization of hospital rooms. 

Ilexjlresorcinol, U.S.P. (Caprokol), is an oily, pale yellow liquid which 
solidifies on standing, b.p. 178° at 8 mm., m p. about 58®, soluble in alcohol, 
ether, chloroform, fixed oils, and in water about 1 :2000. It has a pungent odor 
and an astringent taste. The preparation “ of hcxylrcsorcinol is carried out by 
the following reaction sequence: 


on 


-OH 

llfsortinol 


+ no— CO— CH,CH,ClI,CII,CHi 

Cspruic aetd 



OH 



CMsCHjCHtCHjCHjCH, 

nri>)rr*omnol 


it is U'-cd us a general anti‘!C|)tic and germicide in the form of solution-^. It 
iiKo ti^cd as a urinary' antiseptic, usually odminlstercfl in solution in olive 
eil in capsulc.s. It is an cfTccth'c anthelmintic against a'searis and hookworms, 
administered as Ilcxj/lrcsorcinol nils, UjS.P., the cry.staN, or a solution in olive 
oil in gelatin capsules. 

llnmhlol is considered the chief constituent of po!'>on i\y tliat i'* rr^pon’'ihIe 
or the cfTccts of this plant. IIill, Mattacotti, and Graham ‘>ho"r<l that it could 
^ rwluecd to tctrahydrounishiol. Tclrahydrourushiol ha** liccn synthesized 
*^f>d shown to have the htnictiirc of 3-«*pcntadcrylrateehoP' Chemical c\i- 


-_Oll 

—V 

11-7 ^ 

d'npe^xn indicates that four romponcnl^ of common stnietund skeleton, but 

“I'nii.., /v,r Ihlmmlhol S<v. UfluA . H T . II, ST, (l«H > <’ I .39. Ml 
.'!i!l.r,ItirtiinR.Itf«‘k.nt..irnr*lo>,y Im Chrm .s'.ir . W. ? < « 
^l>«N.n.|\R.^....rnnn.nn.l K..1../ •tr't Ckem .‘Jnr , WI, Ml (I'UO) 

^Cinir^nmt DjwNin. J .tn Chrm .Xoc . 7A, 20VJ <11»VI'- 
Ufforrt Chrtf, I'nvr . 13. 3'J (1931) 
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difTering in degree of unsaturation, constitute the poison ivy principle of urushiol. 
One of the components has a completely reduced side chain. The structures 
proposed for the olefinic components on the basis of degradation experiments 
are 3-(8-pentadecenyl)-pyrocatechol, 3«(8,ll-pentadccadicnyl)-pyrocatcchol, and 
3-(8,ll,14-pentadccatricnyl)-pyrocatechol. 

Cannabinol is one of a group of interesting phenols isolated from wild hemp 
{Cannabis saliva). Investigation of the chemistry of these phenols stimulated 
a series of researches by Adams ct of.” which resulted in the proof of structure of 
these natural products as well as the synthesis of a host of homologs and analogs. 


CeHiiW CgHua 



•The po'iJtion of the ring double bond Is not ccrlain. 

Although cannabinol and cannabidiol arc physiologically inactive, tetrahydro- 
cannabinol and its homologs possess the euphoric stimtilatorj' action of mari- 
huana, or Cannabis. One of these compounds, Parahc.xyl, l-hydroxy-3-n-hc.\yl- 
G,G,9-trimethyl-7,8,9,10'tctrahydrodibenzopyran, has been given limited trial in 
the treatment of manic depressants and drug addicts.” 



SYNTHETIC ESTROGENS 

In an effort to obtain synthetic compounds having the biological activitj' of 
the female sex hormone, estrogen, Dodds and his co-workers ” prepared a large 
group of stilbene derivatives. It was shown that the more complicated phenan- 
thrcnc nucleus is unnecessary for estrogenic activity and that the more readily 
synthesized stilbenediols and their derivatives have a high order of activity. 
As a result, many compounds have been synthesized of considerable variation, 
the most important of which is dicthylstilbestrol. However, Nicol and Hclmy 
have indicated that the synthetic are more toxic than the natural estrogens. 
Indeed, diethylstilbcstrol was the most toxic of the synthetics tested; oral toxic- 

‘V Am Chem 5oc, 71, 1C24 (1949), and previous papers 

** Thompson and Proctor, N Carolina Med. ^ , It* 520 (1953). 

Dobbs, Goldberg, Lawson, and Robinson, Nature, 137, 99G (193G), thid , 142, 34 (1938). 

Nicol and Helmy, Nature, 167, 321 (1951). 
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169-172“^ is an7™eres«f m.p. 

PVsiolorical acti ritrof • “’"P"'’""' the characteristic 

m 1939 InlTlh hormones It ,vas inlrodoced in Eoronc 

e"t2l“e SoTan d' oT'h ^ - 

terallv Stilhf i ■ j ^ ‘ "'"tn administered orally or paren- 

sonorriiefl V ^^“Ptoms of the menopanso, senile vaiinitis 

iaclude f,hw, '“‘“‘'an, ate- Forms of administration 


Oil- 


CH,0 


\ ^CH=CHCH, 


+ n£)r _ , 

-r^ CHjOC.H.— CHBr— CHjCH ' 


KOIUl 225 » 

CiHi 

HOC.II4— C=C~Csn,OH 
CiH, 

0 iethyl 9 tilbc«tro| 

been Drenlr*! *'*'1' PfoP'oto’®' hutyralc, henzoate, and caproate have 
in aoum,, 'd “■ '°®’ PP'P"'- s'iibcstrol, hut the disuceinato 

>l«rease« * a°" ''™ active os stilbeslrol “ Tlic oral cstroRcnic activity 

The no!l('" '• "““°i“g0Pa s®ri®s of dimethyl to dipropyl ethers of Blilhestrol.“ 
comnn»« *somers A and R although not inactive were relatively maclivc as 
'^wnparod to hoxostrol,^ 


no 


CH(C,Hs), 


CHy— C,U» 


four to groups at position 3,3' in H increased its estrogenic aetivitj- 

^rtivii and a carbon-chain length of six to seven atnni>< gave optin^nm 

than f'onaologoiis series of -l.-l'-dihydroxydiphon.vlmethano (lenvativc^ 
ari!v« positions of the phenolic hydroxyl groups yieldetl much less 

e compounds. 

still *'^“^‘*^’'^‘^'*■01 Dipalnulale (Stilpalmitate) h the dipalmitic acid e*.ier 
administered in oil solution and has the .same fpialitative 
prolon*. ®^‘ff’^‘'frol, but, .since it is ubsorlMxl more "hmly. the »-{Tect is more 
and (he unpleasant .side actions are mliiml 

*• J .Im Chnn .f»jr.65,ll 

""'i -'tin'T. tbtJ, 03. 2210 {lOtl) 

*''‘1 Kanwrii'. Krut.jcnnnloffy, £3,819 (1*>11) 

/Voj. ^ 129. 52}» 
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Diethylstilbestrol Dipropionalc, N.N.U., is prepared by estcrifying di- 
ethylstilbcstrol with propionyl chloride. It is used in oil solution by intramuscu- 
lar injection. It is slowly absorbed from the oil solution, causing lower concen- 
tration in the blood with more prolonged activity and fewer reactions, such as 
nausea. 

Several compounds related to diethylstilbestrol arc reported to eau.se fewer 
side reactions. They are less potent than diethylstilbestrol and must be used 
in greater dosage to cause the same effects. 

Although diethylstilbestrol and related compounds appear to bear little struc- 
tural similarity to the naturally occurring estrogens, it is believed that they are 
converted to them in the body and have the same actions. The low cost of 
their production and their effectiveness when administered orally give them a 
marked advantage over the naturally occurring estrogens. 

Hexestrol, N.F, [3,4-ln‘s-(p-HydroxyphenyI)-n-lie\ane], is reported to produce 


CdU C.Ht 





the same clinical response a.s stilbestrol and the natural estrogens, and it is leas 
likely to cause nausea than stilbestrol. It is administered orally in tlie form of 
tablets and, dissolved in oil, by intramuscular injection. 

Mestibol, N.N.R. (Monomestrol, 3-p“Hydroxyphenyl-4-p-methoxyphenyl- 
3-hexene), mp. 110-117.5* when recrystalUzed from a benzene petroleum ether 
mixture and 112-114® when recrystalUzed from alcohol, is a white, crystalline 

CjHj C2H5 C2H, CjHs cn^ 



OCH3 OH OH OH 


Mestibol n^nmtrol 

CH— CHi CH— CHs 



OH OH 


Diencstrol 

powder insoluble in water and soluble in alcohol, acetone, ether, and fixed oils. 
It IS used to treat the same conditions for which other estrogenic substances are 
employed. It is administered orally m tablets or by injection in oil solution. 
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m p'lSiw” il’f white” 

dilute sodZ MrotiSo! ’ — •“ Z 

It is used in tablets and ir 
and is claimed to be less toxie. 

is a u-hite crystalline 

y a tablets and is claimed to cause less nausea than diethylstilbestrol. 


CHsCHiCO— 0 


o— CO— CH.CHj 



CH,CH,— CH— 


-CH— ClliCir, 


fnllim Dowrl^'^'^'t ’’ “ noloricss, co’*- 

in elhe^l . ‘"^'’'“*1'® "■“tno slightly soluble in alcohol, and readily soluble 
aid to °'’ "sed tor the same purposes as and is 

tablet form than diethylslilbcstrol. It is usually administered in 

a N*N.R. (TACE, Clilorotris'Cp-metho\yphenyJ)etliyJeno], is 

stnictur , f* ^^ystalline powder administered in oil in capsulo form. Its 
of its stM other synthetic estrogens becomes evident from n study 

•c Ural formula. Its action is similar to th.at of ofJier estrogens hut is 


OCHj 



Clilorolrwniwir 

KCf)^ f''oJongcd. It is stored m the body fat, and during motaboILsm its esfro- 
irom somehow enlianccdj the amount of c^tropcnie activity rcco\ere<l 

triani ovceeds the amount originally administered in the form of cliloro' 


II.M.OCILNATrn IlYDUOXVIs coMroi^Nns 
AIcoIioIh 

alcohols, possessing both the halogen suljsiiiucril ami the alro- 
-'droxyl group, .shon the chrmiral j)rop<‘rt«'s expected of them. The 
'll!) alcoliois tliat are of direct medicinal intewst are n'laliveJy feu and 

discu«vs(^i individually. 
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Tribromoellianol, U.S.P. (Avertin), CBrs — CH 2 OH, \vas first prepared by 
Willstatter and Duisborg,®* who employed beer hops to reduce bromal to the 
corresponding alcohol: 

CBrj— CHO CBrjCH-On 


The Meerwein reduction of bromal is more convenient and affords good yields 
of the alcohol. 


CBn— CHO CBr,CH,OH 


Tribromoethanol is a crystalline material which is administered rcctally in an 
oil solution for use as a general anesthetic. 

On its appearance, tribromoethanol was hailed as an ideal anesthetic. How- 
ever, experience shows that it is not without its elements of danger. For e.x- 
ample, once too large a dose has been given, the excess cannot be removed or 
withdrawn. To overcome this handicap, the anesthetic may be administered 
in fractional doses. Occasionally a patient will develop an idiosyncrasy towiird 
the compound. It is administered alone or with amyleno hydrate, e.g., Tribromo- 
eihanol Solution, U.S.P. 

Tribromoethanol is detoxified in the liver, combining with glycuronic acid, and 
is excreted rapidly and completely in the urine through the kidneys. Thus 
this halogenated alcohol is contraindicated in cases nnth liver and kidney dys- 
function 

Trichloroethanoh prepared by reducing chloral with an aluminum alkoxide, 
is probably as potent a narcotic as tribromoethanol when compared on a weight 
basis; however, when compared on a molar basis it is about half as potent. 

Chlorbutanol, U.S.P. (Trichloro-/cr/-butyl Alcohol, Trichloromethyldi- 
methylcarbinol, Chloretone, Acetoncchloroform), is synthesized by causing chlo- 
roform to condense with acetone. 


CHa 

\ 

C=0 + HCCl, 

/ 

CHs 


CHs 

I 

CHjG— OH 

I 

ccij 


It is a white, crystalline compound, m.p. about 76°, having a camphoraceous 
odor and taste It is very volatile even at ordinary temperatures and must be 
dried with great care to avoid loss. It is soluble in %vater 1 : 125, in alcohol 1:1; 
and it is very soluble in ether, petroleum benzin, glacial acetic acid, chloroform, 
and acetone. It is readily soluble in fixed, volatile, and mineral oils and in 
glycerol 

Chlorobutanol is a hypnotic, antinauseant, and a mild antiseptic. It is used 
as a hypnotic especially in animal work prior to anesthesia, and in insomnia, 
as a sedative in seasickness, persistent hiccough, etc , and as a preservative and 
antiseptic in nasal sprays, e g., nasal sprays of epinephrine, and m solutions for 
injection 

“ Ber , 56 , 2283 ( 1923 ) 
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Tribromo-tcM-hutyl Alcohol (Brometone), CH 3 -C-OH, m.p. 167”, may 

!»ialosous to that cm- 

It L^Z r f ' chlorefooe. It has a camphoraceous odor and taste, 

thfl of t? r “a to have a sedative action similar to 

h'nnc r ^ Without producing bromidism. It is used in mild condi- 

calJpfJ insomnia, headache, neuralgia, epilepsy, mania, in so- 

abstinence, in hysteria, and in nervous affections generally, 
hthchlorovynol, N.N.R. (Placidyl), Ethyl /?-chlorovinyl ethmyl carbinol, is 
to } alcohol incorporating a chlorine atom. It is reported “ 

i^ypnotic and anticonvulsant drug and is being marketed as a 
nonaabit-forming sedative, free from “hangover” effects. 

C,H, 

CICH=CH— C—OH 

1 

CsCH 

Etbfhlorovyvol 


Ilfliogenated Phenols 

The introduction of a halogen into the aromatic ring of the plienols usually 
^^creascs the antiseptic activity. Although the irritant action and the toxicity 
^ c a so increased, careful evaluation of the effects of halogcnation have given 
c 0 a wide variety of useful therapeutic compounds i\Iany of the data have 
ooen revicived by Suter ^ as well as by van Oettingen.*’ In general, bactericidal 
SI S^'cater if the halogen is para to the phenolic hydroxyl rather than ortho 
('{f^ ' co-workers report a throe- to tenfold increase m fungistatic 

cctiv (>rj(,sg as a result of p-chlorination of phenols Some Jialogonatwl phenols 
3-ve a so found use as anthclmintias 

cJ f in a concentration of 25 per cent, is u-od \Nith p-hydroxy- 

O'" iphcnyl and an emulsifier in a preparation that the Hu«.si.'ins call “8502” 
nn insect repellent.^'' A solution of the so<lium salt is a fungicide and a 

preservative. 

^ *‘**tncliloroplicnol» used as its sodium salt (.santobnlc) or in hyilrorarhon 
‘‘'it (Penta), is an excellent uood preservative 

^^irdocki, MoJ^amore. nod Bavloy, J Pharmacol Kzptl T/irmp, Ilf. 320 

n,rw 2a, 2(50 (IPU) 

.in o, Xnll In-t lltntth Hull No 100. I' S (;«•»'« I'ni.tiiiR Offirr-. U.a-I<iiigt..i., 

4; f[' 103-220 

fl,„l Jitetehem and Ui»»7>^SF' . ^2, 3'*? < 1031 > 

and Shimkm, Seuwf, 103. 030 tloSG) 
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Chloro-m-crcsol is found in many commercial antiseptics and has excellent 
bactericidal activity. 

Chlorohexol (2-Chloro-4-hexylphenol), l:2:4-C6H3-OH-Cl-C6Hi3, is a clear 
liquid, insoluble in water and soluble in m(wt organic solvents. It is reported 
to be an efficient antiseptic for use, when suitably diluted, in infections of the 
eyes, ears, nose, and throat. 

Chlorothymol, N.F, (Monochlorothymol), l!3:4:C-C6H2-CH3*OH*C3H7’ 
Cl, is a white, crystalline compound, m.p, 59-451®, of very pungent taste. It is 
almost insoluble in water but is soluble in alcohol, ether, and chloroform. It 
is an effective germicide used in the form of Antiseptic Solution, N.F. A propri- 
etary preparation sold as Clymocol is a C per cent colloidal suspension which is 
miscible with water. It is used in 2 per cent solution for topical application as 
in wet dressings, in 0.5 per cent solution for bladder irrigations, and in 2 to 5 
per cent solution for the disinfection of surgical instruments, etc. 

Thymol Iodide* N.F. (Aristol), is a mixture of iodine derivatives of thymol, 
chiefly dithymol diiodide, (C 6 H 2 CH 3 C 3 H 70 I) 2 , prepared by the action of iodine 
on thymol. It is a reddish amorphous powder, insoluble in water, which de- 
composes when heated with the evolution of the vapors of iodine. It is used as 
an antiseptic dusting powder in the treatment of wounds, abscess cavities, etc., 
us a substitute for iodoform. The antiseptic activity is believed to be caused by 
slow decomposition with the liberation of iodine and thymol. 

Cliloroxylcnol (4-Chloro-3,5*dlmcthylphenol) and Dichlorovylenol (2,4-Di- 
cliloro-3,5-dimethyiphcnol) are good bactericides, fungicides, and preservatives. 
They have the unique advantage of being effective in the presence of soaps and 
detergents. 

Ilcxachlorophcne, N.N.R. (2,2 -Dihydroxy-3, 5,6, 3',5',C'-hcxachlorodiphen- 
ylmcthanc), is the most succejssful compound resulting from the investigation 
of a series of hydroxydiphcnylmethancs. It apparently is a higlily effective 
skin antibacterial agent, is useful in antiseptic soaps, and is recommended 
as a surgical scrub ; its antibacterial effect is not lost when incorporated into soaps 
and detergents. 


OH OH OH 



Hezachlorophene 

Gump. U 8 pai 2.250.480 (19U) 


Drug cfc Cosmetic Ind , 72, 622 (1953). 
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Ethers and Ether Peroxides 


Ethers are organic oxides characterized by the general formula R — 0 — R'. 
They may be regarded as derived from alcohols, II — 0 — H, in which the hydro- 
gen of the hydroxyl group is replaced by the hydrocarbon radical R'. Ethers 
arc generally insoluble in water. They arc solvents for such substances ns fats, 
oils, alkaloids, and many other products; they arc cxce}}cnt solvents for extrac- 
tion of natural products from crude drugs. 

Chemically, ethers are quite inert, especially as compared to alcohols. They 
niay, however, be split by appropriate reaction with acids In general ethers 
behave somewhat like hydrocarbons and their physical, chemical, and, perhaps, 
even pliy.siologieal properties may be fai'orobly compared to hydrocarhom in 
which a — CIIj — group is replaced by an oxygen atom Ethers slowly undergo 
peroxidation on prolonged contact with air; in a molecule in wliirh there is nl'^o 
a doulile bond, a primar>’, or a secondaiy alcohol group, oxidation takes place 
with greater difficulty Ethers may be clilorinatctl at room tempemture. With 
strong mineral acids, ethers combine to form oxonium salts, The 

solubility of ethers in sulfuric arid is attribute<l to the formation of oxonium 
sulfute.s The solubility of some inorganic salt.s in etliers is explaineil by flip 
formation of .similar salts 


j'livsmj.ocjctL xciniTT 

Alkylation of the hydroxyl group in llie iilcolmN rati'-es a eonsidrrable ln- 
cfTiu^p m the narcotic activity of many comi»uiids The n-^ilting ethers, e-pp- 
ci.ally tho lower members of the series, are very volatile and mpiilly nbsorlK-<I. 
75 
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Since they are usually given by inhalation, they produce their effect very rapidly. 
Dimethyl ether, CH3 — 0 — CH3, the simplest dialkyl ether, is a prompt-acting 
anesthetic that produces a deep but transient narcosis. A concentration of 60 
to 80 per cent by volume in the inhaled air is required for anesthesia in animals. 
Ethyl methyl ether has not been studied for its anesthetic potency. 

Diethyl ether produces a more lasting narcosis, but continued administration 
is necessary for prolonged surgical anesthesia. The ethers in high concentration 
are toxic, causing death by cardiac failure. This occurs with ethyl ether when 
the concentration in the blood exceeds about 0.4 per cent. Ethyl ether is rapidly 
excreted so that a skilled anesthetist has little difficulty in maintaining anes- 
thesia without danger of obtaining a toxic concentration in the blood. Diethyl 
ether is widely used as a general anesthetic. 

Ethyl propyl ether is a good general anesthetic and may be used safely in 
man; it is more potent than diethyl ether. 

As the series is ascended, i.e., the alkyl groups become larger and the molecu- 
lar weight increases, the narcotic and toxic activities also become greater, owing 
to slower excretion. Such ethers are also less convenient to administer, and, 
since the margin between effective and toxic doses becomes narrower, they are 
not generally used. Ethers derived from di- and trihydric alcohols are more 
active than the alcohols themselves, but they lack the volatility of simple ethers 
and thus find no use as anesthetics 

Low-molecular-weight unsaturated aliphatic ethers all possess narcotic powers 
but except for ethyl vinyl and divinyl ethers are too toxic for medicinal use. 
Methyl allyl ether e.xhibits anesthetic properties in dogs, rats, and mice, but its 
toxicity and irritating quality render the compound unsuitable for use. Pre- 
liminary studies indicate that allyl ethyl, amyl allyl, diallyl, and ethyl isoprope- 
nyl ethers possess narcotic activity, but they are more irritating than diethyl 
ether; allyl ethyl and diallyl ether cause delayed death in a high percentage of 
mice. Divinyl ether, CH2— CH — 0 — CH— CH2, is the least toxic and the most 
useful of the low-molecular-weight unsaturated ethers. Its anesthetic action is 
prompt in onset, and recovery is less rapid than with diethyl ether. Ethyl vinyl 
ether, CH3CH2 — 0 — CH=CH2, Vinamar, is recommended for light planes of 
anesthesia * and for induction of anesthesia in children.* Isopropyl vinyl ether, 
(CH3)2CH0CH=CH2, has an anesthetic index twice that of diethyl ether.® In- 
duction is smooth, recovery is rapid and no respiratory irritation is evident. 
The onset of anesthesia by most unsaturated ethers is much slower than by 
diethyl ether and the recovery is more prolonged. The potency of most un- 
saturated ethers is greater than that of the saturated ethers. 

The union of cyclopropane through an ether linkage with alkyl and alkenyl 
radicals results in the formation of compoirnds that exhibit anesthetic properties. 
Some of the compounds that have received considerable study are cyclopropyl 
methyl ether, cyclopropyl ethyl ether, and cyclopropyl vinyl ether. Cyclopropyl 

* Slater, reported to Ohio Chemical and Surreal Equipment Co. 

* Sadove and Wyant, Current Researches tnArteatheata& Analgesia, 34, 235 (1955). 

^ Krantz, Carr, and Fassel, J. Pharmacol Bxpll. Therap , 105, 1 (1952). 
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methyl ether exhibits an anesthetic potency greater than ethyl ether but not 
as potent as chloroform.* No liver damage is e\*ident in the monkey, and cardiac 
toxicity in the rat is possibly slightly more than Avith diethyl ether. Cyclo- 
propyl ethyl ether has an anesthetic index t^vice that of diethyl ether It pro- 
duces no functional liver damage in monkeys, and no effect is evident on the 

/x; 

CHz CH— 0 — CH3 CHa CH— O— C2H5 

Cyclopropyl metbyl ether Cycfeprcpyl ethyl ether 

frog’s heart perfused with anesthetic concentrations Cyclopropyl vinyl ether 
has a potency which approximates that of chloroform and an anesthetic index 
more than twice that of diethyl ether; no functional liver damage nor signifi- 
cant histopathological changes in the important viscera are observed in monkeys.* 
Ethyl Oxide, U.S.P. (Solvent Ether, Sulfunc Ether), C 2 H 5 — 0 — CaHs, is 
the compound meant when the word ether alone is used It was discovered about 
1544 by Valerius Cordus, and its composition was established by Saussure (1807) 
and Gay-Lussac (1815). Its constitution was determined by Laurent and Ger- 
hardt and confirmed by Williamson’s synthesis in 1851. 

CiHel + NaOCjHs^CjHjOCzHs Nal 
Diethyl ether is prepared commercially primarily by the dehydration of ethyl 
alcohol with concentrated sulfunc acid Some ether is obtained for commer- 
cial use as a by-product in the hydration of ethylene to ethyl alcohol and from 
ethyl alcohol as a by-product in the manufacture of butadiene. Ether may 
also be prepared by passing vaporized alcohol over a catalyst at elevated tem- 
perature. For example, it may be prepared in about 75 per cent yield by passing 
alcohol vapors over alum at 200-230®. Other catalysts and conditions are re- 
ported m the literature. 

2c.h,-oh c,H.-o-c.Hs + h.o 

' »lum 

The preparation of diethyl ether by the dehydration of ethyl alcohol with sulfuric acid 
entails heating about 3 parts of concentrated sulfuric acid with 1 part of alcohol at approxi- 
mately 127® to give 94-95 per cent of product Distillation of the reaction mixture gives 

CHjCHj— OH + HSOi ->■ CH,CHs— SO*H + HaO 
CH3CH1— SO4H CHjCHa— OH ^ CHaCHr-O-CH.CH, + H:S 04 

a fraction composed of ether, alcohol, water, and entrained sulfuric acid This distillate is 
washed with dilute sodium hydroxide solution to remo%-e acidic substances, and the ether- 


CH2 CH— 0— CH=CH2 

Cyclopropyl vinyl ether 


uiKaii or cnarcoal treatnieiii ' 


’ Krantz, C.irr, and Evans, AncsfAcsMifoffy. 5, 291 (1914) t 

‘ For discussion of (.oiiiincrcial production of ether, SCO W L >a>tli D B Kt-yes, and R. L 

Clark, Industrial Chemicals, John Witey & Sons. New York, 1950, p 2S7. 
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Diethyl ether is a colorless, very volatile, highly flammable solvent. It pos- 
sesses a pleasant aromatic odor and sweetish burning taste. The boiling point 
of ether is 34. G*. The flash point is —45® (— 49“F.), ignition temperature is 
180° (356° F.), and explosive range (per cent by v’^olume in air) is between 1.85 
and 36.5 per cent. Ether is soluble in alcohol, chloroform, benzene, and petro- 
leum ether. Ether at 20° dissolves in water to the extent of 7.5 grams per 100 
grams of water. 

Although ether may be purified readily, it must be protected against atmos- 
pheric oxygen, with which all ethers form ether peroxides, which arc explosive. 
The initial product of the atmospheric oxidation is a hj'dropcroxide, and the 
formation of hydroxyethyl peroxide has been reported. Neither of these is as 
explosive as the peroxide residue from ether, for only the dialkylidcnc peroxides 
arc c.xplosivc and dangerous. For ethyl ether the formation of diethylidenc 
peroxide is o.xplained as arising from the hydroperoxide. The presence of pcro.x- 


CHa— CHOH— O— O—CHOH— CHs 

Iladroxycthyl ]>croxido 


CHa— CH— 0— CHj— CHj 

1 

0— OH 

Ether h>droperozide 


0—0 

/ \ 

CIIj— CH CH— cilj 

\ / 

0—0 

rerozide 


ides in the solvent ethers may bo determined by the addition of sodium or potas- 
sium iodide solution. The liberation of iodine indicates that peroxides are pres- 
ent. The peroxides may be destroyed by the agitation of the ether with an 
aqueous solution of some reducing agent such as ferrous sulfate, sodium sulfite, 
for sodium hydrosulfite. 

Practically, this peroxide formation is guarded against by placing the ether 
in filled vessels which are then scaled. Included in the sealed vessel may bo 
some reducing agent such as copper wire or tannic acid. It has been reported 
that iron and copper arc uncertain as inhibitors. Diphenylaminc in concentra- 
tions even as low as 1 X 10“^ gives good results in preventing the formation of 
peroxides ® 

Absolute Etlicr is ordinary ether freed of small amounts of water and alcohol 
in several ways, e.g., drying over calcium chloride and sodium, over sulfuric 
acid, over solid sodium hydroxide; or over calcium hydride. Such ether is 
spoken of also as "Grignard” ether, since it is employed in the Grignard reaction. 
According to Malinckrodt, Rands, and Ruehle,^ trace amounts of sodium di- 
ethylthiocarbamatc, (C 2 H 5 ) 2 N — CS — BNa, 0.05 p.p m., prevent the formation 
of impurities, e g , peroxides, in anhydrous ether. 

Ether. U.S.P., is prepared specially for anesthesia and must meet the official 
requirements of quality and punty It must be free of peroxides To prevent 
peroxide formation, it is stored in small, well-closed containers. Once having 
been exposed for 21 hr. the contents must not be used for anesthetic purposes. 

“ Reimera, Quart J Pharm Pharmacol , 19, 172 (1946), CA , 40, 0210 (1946) 

’ Chem Eng. ^ew3, 33, 3194 (1955) 
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Except for the degree of purity, ether for anesthesia has the same properties 
and is prepared in the same way as diethyl ether used as a solvent. 

Ether was introduced a.s an anesthetic m surgery by Dr. Long and Dr Morton 
contemporaneously. It came into general use as an anesthetic in about the 
year 1850. It has several advantage.s: (1) it is easy to administer; (2) it gives 
excellent muscular relaxation; (3) the respiration and circulation are not mark- 
edly changed. It has some disadvantages such as causing respiratory and kid- 
ney irritation which can be avoided lan;ely by skillful administration. It is 
one of the most generally used anesthetic.s for prolonged surgical operations. It 
continues to be widely used ns a general anesthetic. It is absorbed almost in- 
.stantaneously from the pulmonary epithelium and is eliminated through the 
same tissues. For deep ane.sthcsia the concentration must reach about 140 mg. 
per cent in the blood. 

Methylpropyl Ether, CII 3 — 0— CH 2 CH 2 CH 3 , an isomer of ordinary ether, 
is reported to be 25 per cent more potent than diethyl ether and clinically supe- 
rior, being relatively nontoxic and producing relaxation. 

Isopropyl Ether and Dl-n-hutyl Ether, now that the corresponding alco- 
hols are plentiful, are becoming increasingly available; because of their higher 
boiling points they offer certain advantages as solvents over ordinary ether. 

Vinyl Ether, U.S.P. (Divinyl Oxide, Vincthene), 0112=011— 0—CH«CH2, 
is a representative of the unsaturated ethers. It Is prepared by the elimination 
of two molecules of hydrogen chloride from ^,^'-dichlorodictliyl ether:* 

Cl— CHi— CHi— 0— CH^CHr-Cl CH,=CH— O— CH=CHs 

Divinyl ether is a colorless, flammable lic|uid boiling at 28 3®. It decomposes 
on exposure to light or acid fumes to form acetaldehyde and a solid polymer. 
The product is stabilized by the use of some basic antioxidant such as phenyl- 
a-naphthylamine. It is slightly soluble in water but miscible with alcohol, 
ether, oils, and other organic solvents 

Vinethene is a product containing about 90 per cent pure divinyl ether, about 
4 0 per cent absolute alcohol, and 0.025 per cent of an antioxidant. The clear, 
colorless liquid has a characteristic odor and bods at 28-31“ The product should 
be kept in a tightly stoppered container and stored in a cool, dark place. Owing 
to its susceptibility to decomposition, caution is indicated m the use of the prod- 
uct by limiting the capacity of containers to 200 ml and restricting its use to 
within 24 hr. after exposure . , , 

Vinyl ether is an effective inhalation anesthetic used for short surgical and 
dental procedures The onset of anesthesia is rapid, causing unconsciousness 
within 40 to CO seconds after the first inhalation, and complete muscular relaxa- 
tion results in about 2^ minutes Postoperative excitement and other compli- 
cations are usually absent Vinyl ether is more toxic than diethyl ether, result- 
ing in certain toxic manifestations Oudng to liver damage which may occur 
over prolonged administration of this agent, its use is confined to procedure.s 
•Ruigh and Major, y Am Chem . 53.2062 (1931), LoU. Smith, and Christiansen,/. Am 
Pham. Asioe , 26, 200 (1037). 
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of short duration. It should be administered with caution to patients having 
cardiovascular diseases, renal insufficiency, degenerative conditions, and in old 
age. It should never be used in cases of multiple sclerosis or hepatic damage. 


HYDROXY ETHERS 

When ethylene oxide is treated with various reagents under suitable condi- 
tions of temperature and pressure and with catalysts, the three-membered ring 
opens and yields many important compounds, such as the following. 

Ethylene Glycol RIonocthyl Ether (Ccllosolve), C 2 H 6 OCII 2 CH 2 OII, b.p. 
135. 1®, and Ethylene Glycol Monobiityl Ether (Butylcellosolvc), C 4 H 9 OCII 2 - 
CH 2 OH, b.p. 171°, are miscible with water and arc valuable intermediates and 
solvents in syntheses. They are not suitable as solvents in pharmaceutical 
preparations. Diethylene glycol, HOCH 2 CH 2 OCH 2 CH 2 OH, obtained from 
ethylene glycol and ethylene oxide is a valuable industrial solvent. It is toxic 
and so is not suitable for pharmaceutical preparations. Numerous deaths re- 
sulted in 1937 from the use of this compound as a solvent for sulfanilamide. 

Ethylene Glycol Rlonophcnyl Ether (Phenoxcthol) shows high bacterio- 
static and bactericidal properties against Pseudomonas 'pyocxjancus. It may be 
employed in conjunction with quaternary ammonium compounds. 

Garbitols are a group of hydroxy ethers obtained by making the ethers of 
diethylene glycol. They are high-boiling solvents useful in industry, e.g., butyl 
carbitol (the monobutyl ether of dicthylcne glycol), b.p. 222°, has the formula 
C4H9OCH2CH2OCH2CH2OH. 

Polyethylene Glycols arc polymers of lower glycols with approximate mo- 
lecular weights of 200, 300, 400, and 600. The number associated with the trade 
name refers to the average molecular weight of the product. These glycols are 
somewhat viscous, water-white, hygroscopic liquids, completely soluble in water 
and in many organic solvents. These products are of special interest to manu- 
facturers of cosmetics, ointments, and other preparations where blandness, 
water solubility, and lubricity are desirable. 

Carboivaxes also are polymers of lower glycols but with approximate molec- 
ular weights of 950 to 7500. These various products are white, waxy, bland 
substances with consistencies from that of low-melting petrolatum to paraffin. 
They are water soluble and are used as bases or vehicles for a number of pharma- 
ceutical and cosmetic preparations. 

IMethoxy Polyethylene Glycol and Polj'propylcne Glycols are other com- 
mercial preparations that find pharmaceutical application similar to the poly- 
ethylene glycols and Carbowaxes 

Polyethylene Glycols are prepared by condensing ethylene oxide with water 

(n + 1)CH2 CHi + HiO -> n0CH2(CH20CHj)„Cn20II 

O 

to form products whose phy.sical properties are determined by their molecular 
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weight, i.e., by the size of n in the given formula. They find wide application in 
pharmacy. 

Polyethylene Glyeol 300, N.F., m.w. 285 to 315, n varies from 5 to G, and 
Polyethylene Glycol 400, U.S.P., m.w. 380 to 420, n varies from 8 to 10, are vis- 
cous, clear, hygroscopic liquids, soluble in water, alcohol, acetone, and other 
glycols, but insoluble in aliphatic hydrocarbons and ether; they arc heat stable 
and chemically quite inert. Used alone or in combination with other substances, 
they form elegant pharmaceutical vehicles for many purposes. 

Polyethjiene Glycol 1540, N.F., m.w. 1300 to 1600, n varies from 28 to 3G, 
and Polyethylene Glycol 4000, UJS.P., n varies from 70 to 85, are waxy solids, 
appreciably less soluble in water and, because of their favorable properties, lend 
themselves to compounding ointments of controlled consistency. 

Polyoxyl 40 Stearate, U.S.P., H(OCH2CH2)ftO — COC17H3S, n is approxi- 
mately 40, is a waxy solid, light tan In color, congeals between 39® and 44°, is 
soluble in water, alcohol, acetone, and ether, but insoluble in mineral and vege- 
table oils It is used as a hydrophilic ointment base. 

Polyporbatc 80, U.S.P. [Polyoxyethylene (20) Sorbitan Mono-oleate, Tween 
80] is a complex mixture of polyoxyethylene ethers of mixed partial oleic ester 
of sorbitol anhydrides. It is an ambcr-colorcd liquid, soluble in water, alcohol, 


0 TI 

'Y^CIhOOCCirHu 

Hocni(CH.ocn!)«cn!olils^J^ocii!(CH,ocH!)iCH!OU 

H OCH,(CH,OCn,).CIl!OH 

Tolywoib*** W 

and vcBCtaUc oils. It is insoluble in mineral oil. It is used ns nn cmiilsifyinB 
aid and as a therapeutic agent for treating malnutrition due to faulty ab«orplion 
of fats 

Mcthjlccllnlose, U.S.P. (JlctlioecI), is n methj i etiicr of cellulose. Vnnmis 
RHidcs are available, possessinR different solubility and viscosity values ivlncli 
arc attributed to tl.e number of melliovyi groups. The g ueo.se msidue pn^enl 
in cellulose has three free hydroxyl groups which may be mcthjlnted. This 
make., several methyl celluloses possible llie type of greatest value eon .™, 
1 or 2 metliovvl groups per C, un.t, a melhoxy content of 20 per i-™'- - 

cellulose may be prepared by reacting methyl chlonde or dimethyl sulfate nith 

an alkaline solution of ccllulo.‘’c . 

Metliylccllulose., are wlnte gmnnles. sohible in cold but insoluble in lint „ aler 
•\ Btalilc .solution is liest prepared by dispersing the granules m iiam uater and 
ilien chilling to +.0". &slt.s of mincml acids, phenols, and lannms coagulate 
.nell.ylcs.lh,lo-e in solution Alcohol and glycol acetate prevent such coagu- 

Mctliylccllulosc is a non-ionic emulsifying and Ihirkcning ap-nl "'"I i‘ " 
c™ipaiil,I(. „,tl, cimilsifiing iiRcnls, including gclalin U 
creams and ointments, for llic pn-pand'™ “t”* 
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The cellulose ethers dry to form firm, nonhygroscoplc films; thus, methylcelJulosc 
offers promise as a substitute for gelatin in the manufacture of capsules. 

Ethylcclhilose (Ethocel) is an ethyl ether of cellulose. It is used in the manu- 
facture of plastics and lacquers. 


AROMATIC ETHERS 


No simple diaryl ether is of physiological importance. Comple.x structuies, 
such as the curare alkaloids, page 384, do contain the diaryl ether functions. 
Some alkyl aryl ethers are useful agents for the prevention, control, and treat- 
ment of diseases. 

No single physiological effect is attributed to alkyl aryl ethers; rather their 
properties vary markedly for different members. Methyl phenyl ether, anisolc, 
and ethyl phenyl ether are toxic and cause fatty degeneration of the liver and 
kidneys. Compounds containing an ether structure and a hydroxyl group have 
activities intermediate between the phenols and the aryl ethers. Thus, guaiacol 
and the monomethyl ethers of homocatechol are irritant to mucous membranes, 
have antiseptic activity, are mildly anesthetic on injection, and large doses 
cause paralysis and death in animals. Anethole is slightly antiseptic. In gen- 
eral, it may be said that the formation of an ether linkage on one or more of 
the hydroxyls in the polyhydric phenols increases the toxicity. Resorcinol di- 
methyl other is more toxic than resorcinol. The presence of a free hydroxyl as 
in cugcnol increases the antiseptic and narcotic activity, and the to.xicity is 
reduced by about onc-third. Methylene ethers, such as 4-allyl-methylencdioxy- 
benzeno (safrolc), are more strongly narcotic than cugcnol, but the local irritant 
activity is less than that of anethole. Isosafrolc has less narcotic activity than 
safrolc; this may be caused by the greater stability of the alkyl group. The 
same relationship i.s found to exist in the apiolcs. 



Eocalypiol 


AD«Uiel« 


Safrole, 

Methyl«oa ethar of 
3,4-diSydroi7-' 
•UylbenMne 


laoaafrola, 
Methyleoa ether of 
3,4-dihydro*y- 
ptopeoylbeuaDe 


Some arj’l glyceryl ethers produce curarelike effects in that they produce 
muscular relaxation. Q-GIyccr>'l guaiacol ether is a potent ane.sthctic and also 
cxhibit.s emetic properties. Ethers of polyhalogcnated phenols, particularly the 
halogenatcd phcnoxj’ethanols, show definite value as fungistatic compounds 
Dilienzyl ethers emulsified and administered intrarectally to mice prove highly 
effective against pinworms. Diphenj'l ethers with amino, hydroxy, halogen, and 
carboxy substituents have been examined for antitubercular activity. 4'-Amino- 
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2,4,5-trlch}oi\3dipheayl ether and 4'-ammo-2^2,4,5-tetrachIorodiphenyI ether 
completely inhibit growth of microorganisms in nutrient broth at a dilution of 
l.'l million. 

Eucalyplol, U.S.P. (Cineol), is the inner ether of terpin (1,8-terpancdioJ). 
It is the chief constituent of eucalyptus oil and also occurs in other volatile 
oils. It may be prepared ayntheticiJIy by the dehydration of terpin hydrate. 
Eucalyptol is a colorless, optically inactive liquid possessing a eamphoraceous 
odor with a spicy, cooling taste. It is insoluble in water but soluble in alcohol, 
oils, chloroform, ether, etc. 

Eucalyptol is the chief constituent and the insecticidal component of Eugenia 
haiiicnsis. ft is used to combat flies, mosquitoes, bedbugs, chiggers, etc.' It 
has antiseptic and expectorant activity and is used in many oily nose and throat 
sprays. It is used in veterinaiy practice as an inhalant for rhinitis, laryngitis, 
pharyngitis, and bronchitis. Excessive use may cause disturbance of the nervous 
system. Skin eruption is reported to occur in sensitive indu'iduals. 

Anethole, U.S.P. (p-Methoxypropenylbcnzene), is the chief constituent of 
oil of anise and of oil of fennel. It is used as a carminativ’C. The isomeric chavicol 
fp-afiylanisole) is a constituent of oil of bay. Anethole may be prepared by the 
following sequence of reactions. 

Cl 


'OCHj + CHiCHjCHO • 


^C— CHiCHi 
H 



Anethok 


Anethole is a colorless or faintly yellow oil which ciy'staliizcs at 20'2I®. It 
is insoluble in water but miscible in organic solvents. It is used as a carminativ’e 
in place of oil of ani^ie and in perfumery, particularly in the manufacture of soaps 
and dentrifices, 

Safrole is the chief constituent of oil of sassafras. Isosafrole, whicli also 
occurs in the oil, yields piperonal, useful in perfumery, on oxidation. Other 
phenolic ethers of interest are myristicin from oil of nutmeg, npiole from celery’ 
fruit, dill apiole from oil of dill, and asarone from the root-s of dsaruwi eitropaeum 
binn^. 



0 CHi 

Myrwlic.n 

metliojysafrok 


cH*— cii=cnj 



O— CH: 


ilimeUio»j«frol<- 


* Jacobson and HaDer, J. Am. Ckem Soe , 69, 709 (1947) 
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CHj— CH=CH2 



0 CHj 


Dili apiole. 
trimelhoxysafrole 


CH=CH— CHj 



I 

OCHs 


Asarone 


Giiaiacol, N.F. (o-^Iethoxyphenol, o-Hydroxyanisole), is the chief constit- 
uent of beechwood creosote. It also occurs in guaiac resin. It is prepared by 
fractionating beechwood creosote. It can be prepared by synthesis from catechol 
by methylation or from o-anisidine, 


OMe-o 

/ 

C.H, 

\ 


NHi 

*-Anuidine 


HCl 

NftNOi 


OMe-o 

Ctu/ 

\ 

NjCl 


Diaxonium 

salt 


OMe -0 

/ 

C.H, 

\ 

OH 


Gusiacol 


The guaiacol obtained from wood creosote is usually a liquid, b.p. 200-210*; 
that prepared synthetically is a crystalline solid, m.p. 28.6*, b.p 203*. Guaiacol 
is slightly soluble in water (1:05) and is soluble in most organic solvents. 

It was used extensively in the treatment of tuberculosis but the early hopes 
of its effectiveness have not been sustained. It has a mild local anesthetic activ- 
ity, some antiseptic value, and derivatives have been used to treat intestinal 
fermentation. It also has some antipyretic activity but other products are 
superior to guaiacol for this purpose. 

Guaiacol Carbonate (Duotal) is a white, odorless, almost tasteless, crystal- 
line powder melting at 86-^8*. It is prepared by passing phosgene into an aque- 
ous sodium hydroxide solution of guaiacol. The product is insoluble in water, 
moderately soluble in alcohol, and slightly soluble in glycerol or in fatty oils. 
It is used as an expectorant as a substitute for guaiacol This derivative of 
guaiacol is less irritating and less nauseating. It is slowly hydrolyzed internally 
to liberate guaiacol. 

Eugcnol, U.S.P. (4-Anyl-2-methoxyphenol), occurs in volatile oil of clove to 
the extent of about 80 per cent. The product is obtained from oil of clove and 
other natural sources by aqueous alkali extraction, acidulation of the alkaline 
solution, and subsequent purification by distillation of the oily layer. It is a 



CuEtnol IsMugenol 
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colorless or pale yellow liquid Avith a vcrj’ pungent taste. The isomer, isocugenol, 
also occurs in oil of clove. 

On exposure to air it becomes darker and thicker. It is miscible udth alcohol, 
volatile and fixed oils, but only slightly soluble in water, Isoeugenol reacts wth 
ferric chloride to form the phenol-ferric complex. 

Eugenol is a mild local anesthetic used on cotton or in solution to disinfect 
tooth cavities and allay pain in toothache. It is used in mouth washes for its 
antiseptic property and in perfumery as a substitute for oil of clove. 

Creosote, N.F. (Wood Creosote), is a mixture of phenols, chiefly cresols and 
guaiacol, usually obtained from the tar resulting from the dry distillation of 
beechwood. It is an oily liquid, b.p about 203-220°. 

The use of creosote is similar to that of guaiacol. Once used extensively in 
the treatment of tuberculosis, it is notv used chiefly in respiratory infections 
such as bronchitis. 

Creosote Carbonate is a mixture of the carbonates of the constituents of 
creosote. The ester, prepared by treating an alkaline solution of wood creosote 
wth phosgene, is a colorless to yellowish, clear, viscid, oily liquid, freely soluble 
in alcohol, soluble in fixed oils, and insoluble in water. It is used as an expec- 
torant, and it is claimed to cause less gastrointestinal irritation and nausea than 
wood creosote. 

Calcium Creosotatc is a dark brown powder resulting from a loose chemical 
combination between approximately equal parts of creosote and hme It is 
tolerated better than creosote when administered as a syrup or m tablets since 
It does not readily cause gastric distress and nausea. 

Proposote (Creosote Phenylpropionate) is an amber-colored proprietary prod- 
uct, obtained by condensing creosote and phenylpropionic acid in the presence 
of phosphorus oxj'chloride and by subsequent purification. It is claimed that 
the resulting compound passes through the stomach with slight absorption and 
that the components are liberated m the intestines Thus gastric irritation is 
reduced. Administered in capsules, it is used to treat bronchitis and coughs 
caused by bronchial infections. 

Mephenesin, N.F. (3-o-Toloxy-l, 2-propanediol, Tolserol, Alyanesin), is a 
white pow’der, m p. 70-71°, \vithout odor and having a bitter taste. The prod- 
uct may be prepared m yields up to 67 per cent from o-cresol and glycerol 
a*nionochlorohydnn in the presence of sodium ethoxide.*® 


CH, 


OH 

I 


\_)h-On + Cl-CH.CHCH.OH ^^OCH.OHCH.OH 


OH 

I 


It is freely soluble in alcohol, propylene glycol, and water, 1 m Sj at 20°. 
Urea and its derivatives, particularly urethane, increase its water solubilit}'. 
‘Uiucous solutions arc stable and can lie sterilized by heating Ihc product 
” Mpreh, Arch. Pharm. Chtmt, 51, 327 (1917), C A . 42. 2053 (19*8). 
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may be dissolved in solutions of sodium chloride, glucose, barbiturates, and 
thiobarbiturates to give a clear preparation. 

Mephencsin exhibits marked muscle-relaxing properties and possesses some 
analgesic activity; it is a spinal-cord and brain-stem depressant. It temporarily 
reduces abnormal, exaggerated reflexes without interfering with voluntary or 
normal reflexes. It is recommended for use in producing relief in many types of 
neuromuscular spasms and in conditions of muscle spasm and rigidity, e.g.. 
Parkinsonism, hemiplegia, diplegia, cerebral palsy, paraplegia, low back pain, 
bursitis, and arthritis. 

a-Glyccrylguniacol Ether, CH 20 IICHOHCH 20 C 6 H 40 Cn 3 -o, m.p. 78®, is 
used under the trade name of Resyl as an expectorant; it i.s a potent anesthetic 
but exhibits emetic propcrtic,s." 

(3,4-IMcthylcncdio\y-6-pro|>ylbeii2yI)bul>l Diclhjlcncglycol Ether, 


0 ^ 

oiY 
V 


-CHjCHjCHa 

-CHjOCHiCHiO— CHsCUj— 0CCH-)3CU3 


exerts a synergistic effect on the pyrclhrins, and like the pyrethrins it is quite 
nontoxic to warm-blooded animals. 'The synergistic effect is attributed to the 
mcthylcnedioxyphenyl group.** 

Annvcnol (jS-IIydroxycthyl ^-Naphthyl Ether) Is used witli 5-allyl-5-(2-cyclo- 
hexcnyl)-2-thiobarbiturlc acid in anesthesia for its synergistic effect.** 

0— CHsClUOII 

AM,enol 



ETrilEK PEROXIDES 

The formation of peroxides in ethers has already been mentioned. Tlic only 
medicinally important organic peroxide is ascarklolc. ^Vscaridolc comprises about 
GO per cent of the natural Chenopodmm Oil, N.F. (American wormsecd). Wal- 
lach ** proposed the formula for ascaridole as an interpictatiou of the accompany- 
ing sequence of reactions. 



*• Smith, J. Pharmacol , 91, 03 (IM7) 
“Wadis, iScicncc, 105, 530 (1917) 
“Hobart, Mfg. Chemist, 21, 14 (1953) 
“ WaDach, Ann , 392, 59 (1912) 
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Ascaridolc has been synthesized by the photochemically sensitized addition 
of oxygen to cr-terpinenc,” and this is assumed to be the process far its synthesis 
in plants. It is an oily liquid which explodes when heated to 130° and reacts 
explosively with mineral acids. 

Ascaridole is used as an anthelmintic against hookworm (Ascaris lumbricoidcs) 
and other nematodes and cestodes. It is usually administered on sugar. Oil of 
chenopodium is used for the same purpose, and its activity depends on its as- 
caridole content. The chemistry of ascaridolc has been studied extensively by 
Nelson and Thoms and Dobke.*^ 

•*Schenck and Ziegler, I^aturvnssenachaflcn, 32, 157 (1945); C.A., 40, 2132 (1940). 

» J. Am. Chem Soc . 35, 84, 1407 (1911). 

"Arch Pharm., 268, 128 (1930). 
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Carbonyl Group 


ALDEHYDES AND KETONES 

The carbonyl group is character istic for aldehydes, /C:0, and for ketones, 

W 


^C:0, which are well-established organic compounds. As chemicals, both 

types of compounds are well known and important. As medicinal agents, how- 
ever, few if any find use solely because of the carbonyl function, although many 
aldehydes and ketones have medicinal and pharmaceutical interest. Perliaps 
the most important medicinal derivatives are those which may be considered 


as formed from the hydrol form of the carbonyl, e g , from 


^Oh’ 


in 


which one or both of the hydrogen atoms of the hydroxyl groups are replaced by 
organic residues, that is, hemiacetals or acetals, of which the sugars and glyco- 
sides are examples. 

It is to be expected that any functional group as active as the carbonyl is 
kno\^ n to be might result in appreciable reaction with living tissue. Fortunately 
this seems not to be true except for formaldehyde, which i.s toxic in small doses. 
Acetaldehyde is also quite toMc, and it is the product to which nausea is attrib- 
uted when the complete oxidation of ethyl alcohol is inhibited by Antabuse 


as 




Alipballc 

Fomialdrfivde i= a 

H 


pL?. b-P- — 1?— 


— 115\ very prrrjrrr:. ari irri^tinr ;o tri-e r:rrcr:5 n-e^ibrai^s. Tb? raai- 

CT^ 10 p p 1 aad eve: is ibat hr^ :t i« it? c-*Ti ■xamisz arszt. 

It Srrt rr^pared h~ Bzdtror is ISoObyti^hydrcij^i? cz clatitosyrz^tbss-*. 
CHi'OCOCHjt;. isd by vcs Hcfcsss is IS^ by tbs dirt-ct cciatics cf 

FcrssdiAyde is prepared by tbe atraaspberir coiit:^ of sethasti crer 



90 


THE CHE^riSTRY OF ORGANIC MEDICINAL PRODUCTS 
two simultaneous equations 

(1) 2 CH 3 OH + Oj -» 2HCHO + 2H:0 + 76 kg.-cal. 

(2) CH 3 OH IICHO + Hs - 20 kg.-cal. 

The hydrogen formed according to equation 2 is oxidized to water. 

Formaldehyde reacts readily with proteins to denature them, and it is this 
property on which is based the use of this reagent as a bactericide, disinfectant, 
and deodorant. 

Formaldehyde Solution, U.S.P. (Formalin), is a solution containing 
about 40 per cent by volume and 30 per cent by weight of formaldehyde. The 
solution gradually undergoes change due to the formation of a deposit of pol- 
ymers of formaldehyde. The commercial product usually contains 12 to 15 per 
cent of methanol to prevent the formation of the pol 5 Tner 8 . It is used as a dis- 
infectant and fungicide, e.g., against disease organisms in sick rooms and against 
plant smuts in grain. One pint of solution (formalin), when vaporized, will 
disinfect a room of 500 cu. ft. capacity. 

Formaldehyde cannot bo used on the body as an antiseptic because it is irri- 
tant, coagulating proteins in wounds, etc. Numerous derivatives have been 
made with the idea of securing a product that would gradually release formalde- 
hyde and give a prolonged and mild antiseptic action. Compounds of formalde- 
hyde 'with gelatin, casein, sugars, starches, etc., have been made. In general, 
they have proved too stable to release forraaldebydc in antiseptic amounts or 
so unstable that they are highly irritant. Because of its hardening effect on 
tissues, formaldehyde is employed frequently and extensively to preserve anatom- 
ical and biological specimens. 

Formaldehyde forms several polymers; of these only two Arill be mentioned 
here, o-triox>Tnethylene and paraformaldehyde. Trioxymethylene is the oxygen 
prototjTJe of the polymers of the thioaldehydes and thioketones. Trioxymethyl- 
ene is of theoretical importance. Paraformaldehyde is of commercial importance 

O— CHj--0 

CH 2 — O— CH. (ho— CH j'OH HOCH 2 OH),, 

a-Trio»yniethylene Panformaldehyde 

because on being heated it regenerates formaldehyde. It is prepared by evapo- 
rating solutions of formaldehyde; it is a linear polymer of the structure HO — 
CH 2 — (OCH 2 )n — OCH 2 — OH, in which n vanes from 4 to 98. It may be con- 
sidered as being formed from the aldchydrol structure of formaldehyde. It 
dissolves in hot water and shows all the properties of formaldehyde. Paraformal- 
dehyde is marketed in cakes for use in fumigation. 

Formaldehyde undergoes the Cannizzaro reaction, forming methanol and 
formic acid. 

NaOH 


2HCHO 


HCOOH 4- CH 3 OH 
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INIethcnamine, U.S.P. (Hexamethylenetetramine, Hexamctliylamine, Hex- 
amine, Urotropine), is prepared by evaporating to dryness a solution of formal- 
dehyde and strong ammonia water. 

The formation of this compound may be represented to take place in the 
manner indicated. The compound consists of colorless, odorless crj’stals, m.p. 
about 2G3® with decomposition, soluble in water about 1:1.5, and readily solu- 
ble in alcohol and chloroform. When treated with acids, it liberates formalde- 
hyde. Alkalies decompose it with the liberation of ammonia. 



It IS used as a urinary antiseptic. lu activity is considered to be caused en- 
tirely by the liberation of formaldehyde in acid urine If the urine is not acid, 
methenamine is not effective It is usually administered in the form of tablets 
followed by ivater or in solution in water If the urine is not acid, some sub- 
stance that will make it so is administered along with the methenamine, e g , 
sodium dihydrogen phosphate At one time it was thought that methenamine 
was valuable as a uric acid solvent since its aqueous solution readily dissoU'cs 
uric acid in the test tube This has not proved to bo true in practice probably 
because the concentration that can be attained in the urine is insufficient to 
dissolve uric acid calculi. 

Numerous derivatives of methenamine have been used medicinally. Some of 
tlicbo arc: 

Helmitol, the anhydromethylcnc atrate of methenamine 

Hexamine camphoratc, dcn'cd from methenamine and ramiilioric acid. 

Cjstazol, methenamine sodium bcnzo.ite 

Hexalct, ‘mlfo^ahcjlic arid comhincHi with methenamine 

Mandrlaininc, mandelir arid combmoil with mcthcnaiiiiiie 

Mctlienamino readily forms loose chemical combinations with a number of com- 
pounds. It IS doubtful that these compounds Iiave nny advantage o\ cr a simple 
mixture of the components. 
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IVIctlienaminc Mandclatc, U.S.P. (Hcxamcthyleneaminc Mandelatc, Hexa- 
methylenetetramine Mandelate, Hcxamcthaminium Mandelate), CeHjCHOH- 
COO“ [(CH 2 ) 6 N 4 H]'*‘, is a white, crystalline powder which melts at 127-130® 
and has a sour taste but practically no odor. It is very soluble in water and 
1:10 in alcohol. It combines the urinary antiseptic action of both mandelic 
acid and methenamine, serving somewhat as its on*n acidifying agent to liberate 
formaldehyde from methenamine. However, for certain infections caused by 
urea-splitting bacteria the urine must be acidified 24 to 30 hr. prior to medication 
to provide a urinary pH necessary for the compound to exert its maximum 
effectiveness. 

Sodium Formaldchydcsulfoxylalc (Rongolite, Formopone), HO — CH 2 — 
S 02 Na* 2 H 20 , is a product resulting from the reduction of formaldeh 3 ’de bisulfite 
with zinc dust and acetic acid. It was introduced in 1934 by Rosenthal as an 
antidote for mercury poisoning. Studies indicate that it has antidotal proper- 
ties, but clinically it is not encouraging. 

Acetaldehyde (Ethanal), CH3 — CHO, was first prepared by Fourcroj' and 
Vauquelin (1800), and its composition was established hy Liebig (1835). It 
appears in biological reactions, for e.xamplc, in the deterioration of apples, when 
its characteristic odor may be recognized. It is an intermediate in the in vivo 
oxidation of ethyl alcohol, and, if the metabolism can be inliibited at that 
point, as may bo done with Antabuse (page 278), the aldehyde may accumulate 
to dangerous concentrations. In the presence of sulfuric acid, acetaldehyde 
polymerizes to paraldehyde. 

CHj 

I 

CH 

/ \ 

cone. HtSO# O 0 

3CH,CH0 t ^ ! I 

dii. ii»so« CHj— CH CH— CII 3 

\ / 

0 

Acetaldehyde Paraldehyde 

Paraldehyde, U.S.P., is a colorless liquid of characteristic odor and dis- 
agreeable taste, b p about 122", solidifjdng at about 9°, soluble in water 1:8, 
and soluble in alcohol, ether, and chloroform. It is an efficient hypnotic, rapidly 
absorbed from the gastrointestinal tract or after intramuscular injection. Its 
fate in the body is unknown; about 80 per cent is destroyed, perhaps depolymcr- 
ized in the liver to acetaldehyde and oxidized. Though its toxicity is low and 
the margin of safety large, it imparts a disagreeable taste and a persistent fusel 
oil odor to the breath. 

Aromatic Aldehydes 

Aromatic aldehydes are characterized in general by their odoriferous proper- 
ties. Thus, these compounds are used primarily for their odor in perfumes and 
for their flavor in foods and pharmaceuticals. 
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Benzaldeliyde, N.F. (Artificial Oil of Bitter Almond), is prepared commer- 
cially from toluene which is converted into benzalchloride and hydrolyzed with 
alkali or by direct oxidation of toluene by such agents as chromyl chloride or 
manganese dioxide. 

CjHsCH, -24 C.H.CHCI, -2^^ C.HsOHO 
C.H.OH, C.H.CHO 

Bonzaldehyde is a colorless or yellowish liquid with a characteristic odor re.sem- 
bling bitter almonds and a burning taste. It must bo stored in a well-stoppered 
bottle protected from light because bonzaldehyde undergoes atmospheric oxida- 
tion to benzoic acid. Although benzaldehyde has some antispasraodic and a mild 
anesthetic activity, it is used chiefly as a flavor. 


A number of phenolic aldehydes are constituents of volatile oils. Examples 
of some of these with name and formula are given. These are important prod- 

CHO CHO CHO CHO CHO 
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ucts to the perfume industry but only vanillin is discussed here because of its 
pharmaceutical interest. 

Vanillin, U.S.P. (3-Methoxy-4-hydroxybenzaldehyde), is a constituent of a 
number of volatile oils. One of the largest sources of vanillin is from the waste 
bisulfite liquors from the wood pulp and paper industry. It may be prepared 
synthetically from eugenol. It consists of white to yellow needles having a 



OCH, 


Vanillin 

vanillalike odor and taste It is slightly soluble in water (1 : 100) and readily 
soluble in alcohol and other organic solvents It volatilizes at 85®. Vanillin 
readily forms a bisulfite addition compound. By virtue of the phenolic hydroxyl 
group, vanillin reacts wth alkali. It is prone to oxidation by air; thus, it should 
be stored in air-tight containers 
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Unsntiiratcd Aldehydes 

Unsaturated aldehydes behave both as aldehydes and as compounds vith a 
double bond. Unsaturated aldehydes constitute a class of compounds of which 
no particular member possesses any significant medicinal value. The lower 
members possess irritating properties by virtue of the unsaturated linkage, 
have a pungent odor, and are strongly lachrymatory'. Those properties are 
particularly pronounced for acrolein, propenal, CHotCHCHO. The higher 
members are pleasant-smelling liquids, and the best known are the diisoprenoid 
compounds isolated from various natural volatile oils. 

Citronellal (3,7-DimcthyI-G-octennI), (CIl 3 ) 2 C:CIICIInCl{ 2 CII(CIl 3 )Cll 2 - 
CHO, is the naturally occurring aldehyde corresponding to citronellol. 

Citral a and Cilral b arc geometric Isomers of 3,7-dimethyl-2,r)-octa(licnal 
with the formulas as indicated: 


CHa Clla 

\ / 
C=CH— CHr-CHs— C 
/ ({ 

CHs lie— Clio 

rM-3.7*Dim«thyl*Siri^?tAdi«nftl, ritrsi a 


Clla CIIj 

\ / 

0=C1I— CHs— CIl!— C 

/ II 


CHa OCH— CH 

/r4n*-'l,7.Dini»thyt>2 n^ladienat, ritnl b 


Citral a is the aldehyde corresponding to geraniol, and citral h corresponds 
to nerol. Citral is found in various natural oils, especially in oil of lemon grass. 
Citral aids in epithelization in diseases of the cornea and in such cases exerts 
pronounced analgesic effects when instilled in small amounts.* 
Cinnamaldcliyde (Phcnylacrolcin), CflUsCH.’CHCHO, is found in oil of 
cassia and is the chief constituent of oil of cinnamon. 


KETONF^ 

No physiologically useful compound is found among the simple aliphatic 
ketones, R — C — R'. The lower members are uhcful as solvents and reagents. 

II 

0 

Acetone (Dimethyl Ketone, 2-Propanone), CII 3 — CO — CH 3 , is the simplest 
and one of the most important kctonc.s. It was prepared by Libavius in 159.') 
by heating lead acetate. Acetone is found in small amounts in human blood 
and normal urine; in ketonuria the amount of acetone is significantly higher; 
It is formed as a decarboxylation product from acetoacetic acid: 

CHjCOCHjCOOII ^ CIIjCOCHj + CO 2 

The synthetic production of the more than 3.3 million pounds of acetone used 
annually in the United States depends on the following methods: 

* Balakhovskii and Budnitskaya, A’Ijh Jl/«l ([/ S S /?), 21, No 12, 23, (1946); C 4 , 41, 
6948 (1947) 
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1. The dry distillation of calcium acetate: 

(CHjCOO):Ca ^ CHaCOCHj + CaCOj 

This procedure is no longer able to compete economically with newer ones 

2. Fermentation by the Weizmann process In this case the acetone is a 
by-product in the production of butyl alcohol. 

3. Synthesis from propylene. For this purpose propylene, derived from pe- 
troleum, is first converted to isopropyl alcohol, which is then catalytically con- 
verted to acetone either by dehydrogenation or by oxidation; 

CHjCHOHCH, -> CHiCOCHa + Hj 

2CH3CHOHCH, + O2 -» 2CH3COCHJ + 2H2O 

Acetone is relatively nontoxic. 

Acetone, N.F., must be not less than 99 i>ei cent pure. It is used as a pharma- 
ceutical solvent. 


Cyclic Ketones 

The ketones derived from terpenes and other cyclic compounds seem to show 
no uniform type of physiological activity. In large doses, most of them cause 
excitement followed by depression through action on the central nervous system. 
Many of them have a hemolytic action on the blood. The hemolytic activity 
of the liquid keto-tcrponcs is closely related to their solubility m water. The 
hemolysis seems to result from a lowering of the surface tension by the dissolved 
keto-terpenes. 

Naturally occurring ketones arc present in a number of odoriferous oils of 
which several are of pharmaceutical importances 



Carvone M«i»hpn« rii>eritone 


Cnr\one (G,8(9)-p-Menthadienc-2-oneI, CioHmO, is a constituent of spear- 
mint, oil of kuromoji, etc. On hydrogenation it forms hexahydrocar\’ncrol, and 
on dehydrogenation it forms can'aerol. 

Menthone (3-Menthunone) is the ketone corresponding to menthol. 

Piperitone (l-p-IMcnthcn-3-one) occurs in a vanety of eucalyptus oils. It 
possesses a pleasant camphoraccous odor. 

Camphor is tthl.'iined in erudo form from (he «ood of Cinnamomum campliora 
by steam distillation of jiircc'. of (mnk, liinhs, and roots. The poIkI camphor so 
obtained is pressed into cakes to remoTO most of the water jirescnt. The product 
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is purified by sublimation of a mixture of the crude camphor and lime. It may 
also be prepared synthetically as the accompanying reactions indicate. 






Camphor, U.S.P,, is a white crystalline mass or translucent cake. It has a 
characteristic odor with a sharp taste. It is slightly soluble in water and soluble 
in alcohol It forms a eutectic mixture with such substances as menthol, chloral 
hydrate, phenol, and resorcinol. 

Natural camphor is dextrorotatory, and synthetic camphor is racemic. There 
is only a slight difference in physiological activity, the greater activity being 
attributed to the levo component. 

Camphor is a mild irritant and antiseptic, often employed in the form of 
spirits or liniments. Applied externally it produces a mild analgesia and rube- 
faction with little sensory irritation. It is used clinically as a temporary cardiac 
stimulant It is a household remedy in colds and bronchitis and is used as a 
diaphoretic and expectorant. In toxic doses it depresses and paralyzes the 
central nervous system; it produces nausea, vomiting, colic, etc. 

Civetonc is a ketone of large cycle. It is responsible for the characteristic 
odor of civet, the glandular secretion of the civet cat. The odor is disgustingly 
obnoxious, yet on extreme dilution it becomes very pleasant and is a valuable 
constituent of fine perfumes. 


HC 

II 

HC 


(CHj)7 

/ \ 


CO 


\ / 

tCHs)7 

Civetone 


CH2 

/ \ 

CHa— CH CO 

\ / 


(CH2)i2 


Muslone 


Musk, the dried secretion of the preputial follicles of the musk deer, owes its 
value as a constituent of perfumes to muskonc Musk from the muskrat consists 
of normiiscone (40 per cent) and dihydrocivetone (58 per cent). It also contains 
cyclotridecanone (1 per cent) and cyclononadecanone (0.7 per cent). 
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Ninhydrin (Triketohydrindene Hydrate), is a specific reagent for a-amino 
acids, 'which it oxidizes to liberate ammonia, carbon dioxide, and an aldehyde, 
as shown. The reduction product from the nmhydrin reacts with the liberated 

COOH 

RCH ^ ECHO + NH, + CO, 

\ 

NH, 


ammonia and unchanged ninhydrin to give a blue substance according to the 
accompanying equation . 



0 


(Blue color) 
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2,2,6-TRIMETHYLCYCLOHEXENYL DERIVATI^'ES 

Citral readily reacts with active methylene groups to form citrylidenc deriva- 
tives; these are easily cyclized to isomeric cyclocitrylidene derivatives as indi- 
cated, for example with the cyanoacetic acid compound. In a completely anal- 


COOH 


(CH3)2C=CHCH2CH2C-CHCH0 + CTI 2 


CHa 


/ 

\ 

CN 


Citrftl 


CyanoBcrtlc acid 


CHj CIIj 
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/• / 

CII CH-CH=C 

I I! \ 

CH. C 

\ / \ 

CH} Clh 


COOH 

CN 


Citrylidcnccyanoacetic acid 




mild 

alkaline 

oiidaUon 


\/ 

O — CHO 
\ 

o-Cycloeitral 


\^<yfli*BtK>n 

Ni 



alkaline 

oxidation 


\/ 

uC 


ogous manner, citral combines with acetone to form citiylideneacetone, more 
commonly known as pseudo-ionone, which may be cyclized to the corresponding 
«- and ^-ionones, as indicated Tlie ionones, more particularly the a-isomer, 
possess violetlike aromas and are used as perfumes. In other respects they are 
physiologically quite inert. However, they merit the attention of the medicinal 
chemist since they provide thirteen of the carbon atoms as found in vitamin A 
(see page -19). It will be appreciated, therefore, that this type of cyclization, 
by which citral is converted into cyclocitral compounds, has received consider- 
able attention from the cliemist 
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CKhsCc 



OH 0 

Qutno) p-Quinone 


The quinones have been of interest for many years as synthetic chemicals 
and as naturally occurring constituents of plants. New interest in their medici- 
nal possibilities was created through the discovery that vitamin K is a naphtho- 
quinone derivative. 

Phytonadione, U.S.P. (Vitamin K, Vitamin Ivi, 2-Methyl-3-phytyl- 
1,4-naphthoquinonc), is an antihcmorrhagic factor. Its deficiency symptoms 
were first obsen’ed by Dam * in chicks; the tendency toward hemorrhage was 
overcome by adding spinach, alfalfa, kale, or fish meal to the diet. Dam called 
this then unknown factor the “Koagulationsvitamin," hence vitamin K. Dam 
and his associates, and also Doisy and his associates,* isolated the pure vitamin 
from alfalfa, calling it Ki to distinguish it from a second active substance iso- 
lated by Doisy, McCorquodalc, and their co-workers from putrefied sardine 
meal, which was called Kj- The structures of these two vitamins were shown 
to be as indicated. Almquist and Klose * showed that various simple naphtho- 



Cllj CH, CH 3 CH, 
1111 
CH 2 CII=C(CH 2 )jCII(CH 2 ) 5 CH(CH 2 ) 3 CH— CHs 


Cflj 


CHj 


CH, 


Cnj(CH=C— CHr-CH,)^— GH=C{CH 3)2 


* Btochem. Z , 215, 475 (1929). 

•J. Am Ckem Soc , 61, 1612 (1939) 
Am Ckem Soe , 61, 1611 (1939^ 
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quinones, such as phthiocol from the capsule of the tubercle bacillus, had vita- 
min K activity. A study of twenty-four 2-methyl^-aIkyI-l, 4-naphthoquinones, 
assayed in the rabbit against various dicoumarol analogs showed that no activ- 
ity is found in compounds in which the side chain is less than eight carbon 
atoms, that methyl branching and double bonds are favorable but not essential ® 
Nevertheless, the compound ivith optimum activity is 2-methyl-l,4-naphtho- 
quinone. 



Phthioeol Menadione. 

2-methyl-l,4-naphthoQuinone 


Vitamin Kj was first synthesized in 1939 by condensing phytol ivith 2-methyI- 
1,4-dihydroxynaphthalene and oxidizing the product;^ more efficient reactions 
have now been reported,®' * one of which is shoum 


O— COCHs 



OH 


U(in* th« Bcetyl denvBtive 
effectively prevente the 
lormation of one undeeira- 
ble by.product 


CHj 

I 

H0CH2CH=C— CuHaa - 


OCOCHj 



OH 


1 hydrolyeie . 

: > vitamin Ki 

2 oxidation 


It is suggested that vitamin K acts by inhibiting the proteolytic enzymes 
which act on prothrombin. It apparently counteracts the effects of dicoumarol 
by lessening the rate of aerobic phosphorylation 

Menadione, U.S.P. (Menaphthene, Menaphthone, 2-Methyl-l ,4-naphtho- 
quinone, vitamin K3), is prepared commercially by the oxidation of 2-methyl- 
naphthalene vath potassium chromate in glacial acetic acid It is a yellow, 
crystalline, practically odorless substance, mp 105-107°, it is practically in- 
soluble in water and soluble in fats and in alcohol Its solutions are neutral, 

‘ Isler, RUegg, Studer. and Jurgens, lloppe-Seylej^s Z physiol Chem , 293, 190 (1954). 

’ Fieser «e a( , y Am Chem 5oc , 61, 2559 (1939) 

' Isler and Doebol, llelv Chtm Ada, 37, 225 (1954) 

* Hirschmann, Miller, and Wcndlcr, J Am Chem Soe, 76, 4592 (10^) 

Martius and Nitz-Litzow, Biochm ft Btophys Ada, 12, 139 (1953) 
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not affected by acid^, bvit the compound is dccomi)osod by alkalies. It is .stable 
in the prc.scncc of moisture and air, when protected from lip:ht. Solutions m.ay 
be sterilized by boilinp;, but they should nhvny.s l>o protected from lisht. Menadi- 
one is used as an antihcmorrhnRic nRcnt in infanl.s and to rcsluco th(* tendency 
toward hemorrhaRC in a wide variety of condition.s resultinR from a reduction 
in the prothrombin level. It is reported to !>c of special value in the pre- and 
postoperative treatment of obslnictivc jaundice. U.siially it Is administere<l in 
tablet form or dissolved in vegetable oil. 

The bulk of menadione is t<Mhiy addcnl In poultry feed to pn'verit lirmorrliaKie 
disease in chickens. 

Menadione Soditiin Ilisnlfite, U.S.P. (Menadione llivulfite, Ilyklnone), is 
the sodium bisulfito addition product of menadione, the hisulfiti^ adding ncrovs 
the carbon-to-carbon double bond. It occurs ns a white, ery.stalline product 


O 





which is very soluble in water and only sliglitly soluble in alcohol. 

Menadione bisulfite is a water-soluble form of menadione for intramuscul.ar 
or intravenous use. Medicinally, it 1ms the same activity a.s menadione. 

IMcnadiol Sodium Diphosplialc, U.S.P. (Synkayvite), is the tetw.‘-o(Uum 
salt of the diphosphoric ester of the reduced menadione, that is, of the hydro- 
quinone analog The diacetate of reduced menadione, aho active and some- 
time.s knoATO as vitamin K 4 , likewise is a prothrombogenic agent. Roth c.stcrs 
presumably are effective after hydrolysis and in rico oxidation of the free quinol 
to the quinone. 



Menadiol sodium diphosphate, U S P . 
synkayvite 


OCOCHs OH 



Menadiol diacetate, 4-Aroino-2-methyl-l-naphthol. 

Titamui K4 vitamin Kj 





104 


THE CHEMISTRY OF ORGANIC MEDICINAL PRODUCTS 


Ivarrer and his co-workers syntheazcd a large number of compounds of 
related structure. The most effective synthetic compound of those made was 
found to be phlorisocaprophenone. 


OH 

O C 

- . / 

I 'c— (CHj^cn 
on \ 


Pblonaocftprephenone 


CHs 


CARBOHYDRATES 

The term carbohydrate, literally hj'drated carbon, is applied to a class of 
compounds that are polyhydroxy aldehydes or polyhydroxy ketones. The name 
and the stereochemical configuration of carbohydrates are discussed elsewhere 
(page 453); therefore, the discussion here is limited mainly to the reactions 
involving the carbonyl group. 

Monosaccharoses, monosaccharides, or simple sugars, contain predominantly 
five or six carbon atoms, and these may be further sub-classified as indicated 
according to the accompanying scheme. The specific name for the sugar de- 
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Desoxyildobeiose Methyiketopentose 

1 

CHjOH 

De^oxyketohexose 


pends on the configuration of the optically active carbon atoms. The biochemi- 
cal and other properties of the individual compounds depend not only on the 
character of the carbonyl group but on their optical properties as well. For 
details along these lines reference should be made to suitable treatises. 

An important and characteristic property of the simple sugars, particularly 
of the pentoses and hexoses, is the formation of internal hemiacetals, also some- 
“ Karrcr ef a/ , //<?p Chim Ada, 2,407,406 (1921) 
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times spoken of as cyclic sugars. For example, an aldohexose forms two types 
of such structures, as shown. Similar general structures may be witten for 


OH 

CHO 

1 

/ 

CHOH 

CHOH— CH 

1 

\ 

CHOH 

0 

1 

/ 

CHOH 

CHOH— CH 

1 

1 

CHOH 

CHOH 

1 

1 

CHiOH 


CHiOH 

Fur&n cycle, funnoee 


OH 

/ 

CHOH— CH 
/ \ 

CHOH 0 

\ / 

CHOH— CH 

I 

CHjOH 


Pyrkti cycle, pjrenose 


ketoses and also for the pentoses. In the manner characteristic for hemiacetals, 
they exhibit the chemical properties of a free carbonyl group. 

Examination of these formulas reveals that in these cyclic compounds the 
carbonyl carbon atom becomes asymmetric, thus giving rise to the a- and ^-sug- 
ars (see page 454), and is involved in the phenomenon kno^^^l as mutarotation. 

The carbohydrate carbonyl group also is knowm in the form of the mixed 
acetal derivative for which the general chemical structures that come into con- 
sideration may be represented as shoum. As acetals these compounds ore quite 
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stable toward alkali but arc quite nxnhly hydrolyzed in the pre.'prirc of ncid>. 
This type of mixed acetal stnicturc clianictcrizc.s many natural pro<Iuct.s; hcncc 
the nature of the II group is of tremendous importance. Hro.idly speaking lhe«:e 
acetals arc conveniently dividetl into two clas.«ic3. tlie first, in «hirh U is another 
sugar moiety, are called polysacchandc-s the secontl, in whieh II is a nonMtg.ar 
fC‘'i<lue, arc railed glycosidc.s. 


Mono«accIinr«le^ 

IVnlosc.s do not occur a-s such, but many may Ik* obtninrsl by the hydroly.sis 
of polyuH'.s kno\Mi a-s peuto.sans. and from ^oIne glyro^nles 'Hie mo-.i important 
of tlawe im*: 

t^.\rabino-e, found as n component in gum nntbic, clierry gum, and mejxjuite 
Kum. ivArabmose js found in rertnin phTo*idrsi r>-.\yIosc or woo<l rignr Is o!k 
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tained from the xylans, such as wood, straw, com cobs, peanut shells, and cotton- 
seed hulls. D-Ribose is a component of the ribonucleic acids. Sugars that occur 
in the cardiac glycosides, with their stnictun^, arc sho\\T\. 
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Dextrose, U.S.P. (n-Glucose, Grape Sugar). (For formula sec page -153.) 
This aldohe.xose is the most common naturally occurring sugar. Ripe grapc.s 
contain 20 to 30 per cent of dextrose, hence tlic name grape sugar. It is the 
sole constituent of maltose, ccllobiase, trehalose, starch, and ccllulo'sc. It also 
occurs combined \rith other monoscs in sucro.se, lactose, and ^\^th other sub- 
stanccs in the natural hctcrosidos. 

Commercial glucose is obtained by tlic hydrolysis of polyosc.s, usually starch. 
In this countrj’, it is usually prepared by heating cornstarch witli acid: 

(CeHioOe)* + HjO > Dcxlrins -- — * CijHjiOn + HjO “r-“> 2CgHijO« 

neat heat heat 

Starch Maltose l)citro.*e 

If the hydrolysis is not carried to completion, the product may contain from 
20 to 40 per cent of dextrose and varying amounts of unconverted starcii, 
maltose, and dextrins. In the preparation of pure dextrose, the hydrob’sis is 
carried further so that the end product is a dilute solution of glucose. The solu- 
tion is then neutralized, filtered, decolorized ^rith bone black, and concentrated 
under vacuum to crystallize. 

Pure dextrose crystallizes with one molecule of water. It is a colorless solid, 
soluble in water about 1:1.2, m.p. 80®; anhydrous dextrose crystallized from 
ethanol or acetic acid melts at 146®. It is about one-half as sweet as sucrose. 

Glucose is the main source of energy in living organisms. In plants, it h stoicd largely 
as starch The starch must be converted into glucose by enzymes before it can he tran'^- 
ported in solution to regions of cellular activity and growth. l\Tien the carbohydrates arc 
consumed bj' animals, tl ' - i i • , . . « , % , l -.. 

before passing into the b 
normal circumstances ’’ 

many animals leads to the conclusion that glucose is the main source of ultimate energy in 
animal nutrition 

Glucose is stored m animals m the form of glycogen which is readily converted back into 
glucose by enzymes m the liver. The glycogen in the muscles is rapidly consumed during 
exertion, being replenished during rest, so that the concentrations may vary from 0,1 to 
l.O per cent The amount of glycogen in the hver may also vary greatly according to 
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the state of nutrition. In starving animals, it nxay be less than 1 per cent, and in well- 
fed animals it may be as high as 15 per cent by w’eight of fresh hver. Wien more glyco- 
gen is needed by the muscles, they obtain it from the blood sugar (glucose) and convert 
it into glycogen through the action of enaymes At the same time, tlie hver supplies 
’ ’ , , • j.. r »— muscles so that the total 

he minimum concentration, 
the average about 0.1 per 

cent although the percentage may vary between 0 OS and 0.14 in adults and be as low as 
0 OG in small children The amount may increase to the mavimum about 0.18 per cent in 
normal persons after carbohydrate consumption. The term “liypoglycemia” is appliei) to 
conditions characterized by less blood sugar than the normal fasting level The term 
"hypeiglycemia” is used to designate the condition where the blood-sugar level is higher 
than normal after ingestion of a large amount of carbofo'drate Hyperglycemia is common 
in diabetes and in certain other conditions. Hypoglycemia may be produced in normal 
animals by the injection of insulin. _ .... 

The symptoms of hypoglycemia, ie., neivousness, and perspiration, developing mto 
tremors and convulsions, coma, and finally death, when the blood-sugar level falls below 
about 0 05 per cent, can be alleviated by the oral administration of glucose or sucrose or 
any other readily assimilated carbohydrate in the early stages, or by the intravenous ad- 


ministration of glucose in the later stages. _ , 

The body is unable either to oxidize glucose or to convert it into glycogen at the usual 
rate when the pancreas secretes insufficient Insulin Consequently, glucose accumulates m 
the blood. The resulting rise in the blood-sugar level depends on the carbcjijclrate 
consumption and also on the degree of impairment of the pancreas In severe diabetes, 
the oral administration of I g. of glucose per kg. of body weight may cause the blood- 
- . In contrast to normal 


• several hours and may 


Reducing sugare appear in the urine when the concentration ol blood suRar ri^a abot c 
the level called the “renal threshold," and a condition hnon ns Rlycosuria result-'. The 
renal threshold mav bo defined as the minimum concentration ol suRor in the btol at 


diabetes, the renal threshold is eveeedwl nilh the usult tliat e‘u^ ■■■ “'^'re-l^i 

urine The resulting glycosuria may range trom 0 3 to 10 per cent or mote. 

Pure devtrose i.s used in therapy as a source of energy It is employed in n 
wide variety of conditions such ns starvation from any eaii.se, the pernicious 
vomitinR of pregnancy, shock, and dinlmtic coma Generally, it is administeml 
intravenously in 5 to 50 per cent sterile arpicous solutions, or m n solo ion n illi 
salts, e g., with physiological salt solution nnd with Hinger s solnlion, to rendtr 
file product, isotonic with the blood. Bulfera arc oflcn nddcl to euci, sohmon, 
to keep the products npproximatcly neutral Pure dcvtrme ,s the only form of 
Rhico«c Puitablo for intravenous ndminif-tmtion . f v i 

I.lquid oi.icose, G.S.I’., IS n thick aynip rontaming .9 per cent of solid. 
It is ns, si in the m.anufacture of plmrmnccuticals, e g . the massing o pill, am 
'he prepanilion of pillular estmet. Since it rontain, dcstrin, maltose, and 
sonm ,i„h5,lrolyr,.d starch, .1 is never nsci intniynonsly, hut a is a vah.,.1,),. 
fonn of carbohydrate ii'^l in many nicdirm.al foexH 
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Invert Sugar Solution^ N.N.U., is an equimolar mixture of Icvulo^c (o-fnic- 
tose) and dextrose (i>»glucose) obtained by the hydrolysis of sucrose by dilute 
acids or by enzymes. 

Solutions containing 50 to 75 per cent of invert sugar in pure water arc used 
in the injection treatment of varicose veins. 

Levulosc (i>-Fructose or Fruit Sugar), a ketohexose, occurs in the juicc.s of 
fresh fruits and in honey and combined with glucose in sucrose, and is the only 
sugar component of the polyose, inulln. It is obtained from inulin by acid hy- 
drolysis. LoMilose is Icvorotatory. Upon reduction, it yields the Ijc.xahydric 
alcohols, D-mannitol and D-sorbitol. It responds to the reactions of reducing 
sugars and forms oximes and osazones. With methyl phcnylhydmzinc, it gives 
both a hydrazono and an osazone and in this reaction differs from the aldoses 
which do not yield osazones with this reagent. It is sweeter than sucrose. 


I)l«nccharides 

Disaccharides comply with the general formula for sugar acetals, page 105, 
with R being a monose residue. It becomes apparent that tlierc are two po<!.si- 
bilities for tlio union of two mono-ses tlirough acetal linkage. One of tlicsc is 
the one in which no licmiacotal Is prc.sent, and the other is tlie one in which one 
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Sucrose, U.S.P., a nonreducing disacchaiide, fa widely distributed in plants. 
It is obtained chiefly from sugar cane {Sac(^arufn ojjicinarum Linnd) and from 
the sugar beet {Beta vulgaris Linn6). Sugar cane contains 15 to 20 per cent, 
and the sugar beet contains 10 to 15 per cent of sucrose. 

Sucrose is used as a sweetening agent, diluent, and preservative in a number 
of pharmaceutical products, e g., sjrrups, powdered extracts, troches, lozenges, 
and Lunosol, a colloidal silver preparation. 

Sucrose is hydrolyzed in the stomach to form D-glucose and D-fructose. These 
sugars are absorbed, and the fructose is converted by the liver into glycogen 
from which glucose is regenerated as needed in metabolism. 

Caramel, N.F., fa formed when sucrose fa heated at about 210°. It is a dark 
brown mass used to color medicinal products and beverages. 

Lactose, U.S.P. (Milk Sugar), fa present in the milk of mammals to the ex- 
tent of about 3 to 5 per cent. It fa made from the whey of milk after the fat 
and casein have been removed for butter and cheese making Cow's milk from 
which lactose is usually prepared yields about 2.5 to 3 per cent of lactose Lac- 
tose is a white, crystalline sugar, soluble to a lesser extent in water than n-glucosc 
or sucrose. It has a slightly sweet taste. Since it contmns the hemiacetal group, 
it can e.xist in both the a and /3 forms which undergo mutarotation to yield a 
product of (a]D s +52.5°. The common lactose fa a mixture of the o and 0 
forms, and it is a reducing sugar. 

Lactose does not undergo direct alcoholic fermentation. After hydrolysis by 
the enzyme lactase, the hydrolytic products can be fermented to alcohol and 
carbon dioxide. It fa extensively used as a diluent in powders, tablets, etc., in 
pharmaceutical technology. 

Maltose or Malt Sugar fa a product of the enzjTnic hydrolj'sis of starch bj 
diastase. It fa a white, crystalline compound, soluble in water and in alcohol, 
which usually crystallizes with one molecule of water. Maltose i.s dextrorota- 
tory, and, having a hemiacetal group, it is a reducing sugar and exhibits the 
phenomenon of mutarotation. It fa a fermentable sugar It fa converted by the 
onzyme maltase, present in yeast, to glucose, which fa then fermented by zyma'^c 
to alcohol and carbon dioxide. 

Maltose is extensively used in specially prcparctl earbohydmtc foods for the 
nutrition of infants and adult invalids This usage is based on the assumption 
that maltose is more readily assimilable than other sugare and that it is a desir- 
able supplement to the carbohydrate contained in cow’s milk (lacto^). 

.’Malt Extract, N.F., contains mallo'sc, de.xtrin, and amylolytic enzymes 
Tlie enzjTnes in the c.\tract convert starches into water-soluble sugars. Thin 
extract fa used in infant feeding chiefly because it ha.-! a distinct l.axntivo cfTect 
as '\cll as nutritive value. 


PoK sacclinrhlc^i 

. of 11, r a,cl„l linkaRr.. that tl.r a.I.lit,.,., <■( ..thnr 

"> the manner inrlicalcl for tl.,' ihsicdiarnlra, tea.l- to tn- trin,-. „,„l ro on to 
iwljrarchariilra Thev arc important aa food for I.MnR tli.nRv, and lie larRrr 
'"olorulcs help t„ forin the cell nails in plant,, tin complete l.ydrohns tl.ey 



110 


THE CHEMISTRY OF ORGANIC MEDICINAL I’KODUCTS 


form simple sugars containing, for the most part, five and six carbon atoms 
It should be pointed out lierc that (he ncctal union may be of t!ic a- or ^-type 
(see page 454) and that the digestive cnz 3 ’mes arc, witli rare exceptions, stereo- 
specific and will hydrolyze only the cr-configiiration. 

Starch» U.S.P. (Amylum, Com Starch). Starcli is widelj’ distributed 
throughout the plant kingdom. It makes up about 75 per cent of com, 20 per 
cent of potatoes, 05 per cent of wJical, and 75 per cent of rice. The starchc.s 
from different vegetable sources, although they have a-type linkages, differ in 
their phj’sical properties but all give glucose on complete hj’droli'sis. 

Starch is used medicinally os a dusting powder; as an emollient in the form of 
the Starch Glyccriic, U.S.P. \ ns a diluent in powders, tablets, and pills, etc.; and 
in poultices. 

Glycogen (Liver Starch) is a gliirosiin which is widely distributed in the 
animal kingdom and occurs to some extent in the plant kingdom. It forms col- 
loidal solutions in water, producc.s a violct-nxl color with iodine, and is hydro- 
lyzed to glucose by dilute acids. It is stored in large amounts in the liver and 
muscles and is recognized as one of the most important animal foods. 

Dextrins are compo.scd of a mixture of similar gluco‘?ans. The^’ arc amor- 
phous polysaccharides intermediate between amylosc and maltose. The dextrins 
are formed hy heating starch to about 250* or bj' tlic action of dilute acids or 
diastase on starch. The products of starch hydrolysis that give a blue color 
with iodine are known as amylcKlcxtrlns, tho.se tliat give a red color arc known ns 
erythrodextrins, and those that give no color arc known as achroodextrins. 
The dextrins arc readily soluble in water. 

The dextrins are used extensively in carbohydrate foods for infants and adult 
invalids on the assumption that they arc more readily digested and assimilated 
than starch. They are often combined with maltose or other sugars in products 
such as “Dextri-Maltosc," etc. 

Inulin is a fructosan which occurs in many plants. It is obtained mostly 
from the tubers of the dahlia and (he Jcni.salem artichoke. It is soluble in hot 
water, is a nonreducing polyosc, and is Icvorotatory. Hydrolysis by acids or 
inulase converts it entirely into n-fnictase (Icvulose). It is not acted on by di- 
astase and does not yield a color reaction with iodine. 

Cellulose is a glueosan which occurs widelj' distributed in nature as the chief 
structural material of plants It may be regarded as long chains of glucose 
molecules linked together in /S-glucosidic combination. It is resistant to hy- 
drolysis, but, on prolonged heating with acids, it is converted almost quanti- 
tatively into glucose. The enzyme cellulase converts it into cellobiose It has 
been established that there are three free — OH groups for each glucose unit in 
cellulose, except the terminal units, which contain four. 

Cellulose is insoluble in all ordinary solvents, but it dissolves in a solution 
of zinc chloride in hydrochloric acid and in a solution of ammoniacal cupric 
oxide. When treated with io<linc, it givc.s a j'ellow color. The nitrates, xan- 
thogenates, and acetates of cellulose arc of impoitance in industries as source 
materials for the preparation of explosives, lacquers, rayon, etc. 
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Cotton fiber contains 87 to 92 per cent of cellulose When purified by washing 
wth alcohol, ether, acids, and alkali, the product is practically pure cellulose. 
Purified Cotton, U.S.P., Absorbent Gauze, UJSP., and Gauze Bandage, V S.P., 
are used as surgical dre.ssinga 

For nitrocellulose, see pyroxylin, page 264. 

Cellulose is not attacked by diastase or any of the other digestive enzjTncs 
m the human digestive tract Consequently, cellulose in foodstuffs cannot be 
digested and functions merely to give bulk or roughage Cellulose in the form 
of a flour is marketed for this purpose. 

Oxidized Cellulose (O.xycel) is produced from cellulose by a .special oxidizing 
process. It resembles surgical gauze. When applied to wounds or oozing sur- 
faces it softens and forms a gelatinous clot, thus serving as a hemostatic agent. 
It is completely absorbable and need not be removed from wounds. 

Pyrogens are toxic substances which produce fever and chills when thej* 
develop in preparations such as blood plasma, sera, and other fluid injection 
preparations. 

The chemical nature of pyrogens is still an unsolved mystciy.'* Tiiey appear to include 
a heterogeneous group of substances, depending on their origin and development Some 
have been characterized as of carbohydrate nature of liigh molecular weight,*’ c g , as high 
M 62,000 Others contain in addition to the elements carbon, hydrogen, and oxygen, tlic 
elements phosphorus, nitrogen, and occasionally sulfur •• There is no definite cherniL'al 
test for the presence of pyrogens. 


Derived Carbohydrates 

llemiccllulosc preparations arc often polysaccharide mixtures. It is possible 
to approach a structural characterization of these comple.x substances by an 
o’lamination of their simpler hydrolytic fragments. Depending on the source, 
these may include pentosans, hexosans, and, at times, a uronic acid. In genera 
the hemicelluloscs are insoluble in water, but they may be soluble in alkaline 
^olution, from which they may be precipitated by the addition of acids or alco- 
hoi. 

Giiiiis. The gums are translucent, amorphous .subNtanees which either di-« 
solve in water to form sticky solutions or swell to form a gel. They occur as 
t’wdatcs on the bark of trees or on fruits, particularly after wounciing. 

riant gums alway.s contain either o-galacturonlc or D-glucuronic iichI and at 
‘‘‘an two of the following sugars- D-galactosc, n-arabmo-e, i^rli.amnase, i>-man- 
nnd D.xylo>,c. In some gums, the hexuronic acid eontauis a methoxy group 
he free acidic groups exist a-s their sodium, potasMum, or magno^iuin .sa t.s. 
Acacia, (Gum Arabic), lias a complex molecule in whicli chains of 

'••aruhinasc, i.-galncto-ve, and i,-rhamnosc arc intcrlinknl witli i>-p:i!actiironic acid 
An aldol, ionic acid from i>-g:ilaefose and D-ghirunmic acid aU, pn-ent 

|! and I.c^chat. A nn. pharr, /ranf .9, 17 (IB >1' 

^ Itolnn^n nn.l riu.wtT. y Hwl TAcm . 153, 520 (IBHl 
^ tXimn., Tan . M. No 8.20(1050) 

/Inn Jlrr. Ihochrm 2». >27 (1055) 



112 


Tlir CriRAriSTnY of OTIOANIC MEDICINAIi PRODUCTS 


It is used as a demulcent and is important in t!»e preparation of emulsions, pills, 
and troches. Acacia is also used by intravenous administration to restore the 
normal colloidal osmotic pressure in the treatment of nephrotic edema. Its col- 
loidal osmotic pressure is about the same as serum protein, and, since it docs 
not permeate the capillary cell ^\'all freely, it attracts fluid and increases the 
mobilization and c.xcrotion of the deposits from edema. It is usually adminis- 
tered as about a C per cent solution in physiological salt solution for this purpose. 
It is also used in the treatment of posthemorrhagic shock. For this purpose, 
ampuled solutions containing about 30 g. of acacia and 4,5 g, of sodium cliloride 
in 100 cc. arc diluted to about 400 ec. with sterile distilled water prior to injec- 
tion. It has been reported that about 50 per cent of tlie injected acacia remains 
permanently stored in tlie liver, causing enlargement and impairment of that 
organ.^°-^* 

Tragacantli, U.S.P. (Gum Tragacanth), may be considered a mixture of a 
gum and bassorin. The gum portion (trngacanthin) is soluble in water and has 
been resolved into arabinosc and geddic acid, an isomer of arabic acid. The 
bassorin portion only swells when treated with water, but dissolves in alkalies 
with the formation of methyl alcohol and a salt of bassoric acid which on liy- 
drolysis yields large quantities of uronic acid. Tragacanth is used in pharmacy 
as a demulcent and for the preparation of suspensions of hca^y powders, as an 
adhesive in troches, pills, etc., and as an emulsifying agent. 

Sterculia Gum, N.F. (Karaya Gum, Indian Tragacanth), is the dried 
gummy exudate obtained from various species of Sterculia and Cochlospermum. 
It has been employed as a substitute for tragacanth in lotions, pastes, and emul- 
sions, Its capacity to absorl) wafer (1 :25) and swell makes it of value for sup- 
plying bulk to the fecal mass in some cases of chronic constipation. When ad- 
ministered with water, it expands about six times and acts as a demulcent laxa- 
tive It often is combined with other laxative drugs, o.g., wth cnscara 
Mucilages. The mucilages, which resemble the gums, comprise a rather 
poorly defined group of carbohydrates. When added to water, they form a 
slimy liquid, and on hydrolysis they yield carbohydrate and noncarbohydrate 
products. The mucilages are commonly e.xtracted from seeds or seed coverings. 
The common mucilages, chondrus and agar, when hydrolyzed yield carbohy- 
drate, calcium sulfate, and sulfuric acid 

Mucilose consists largely of hemicclluloses derived from the seeds of Planlago 
hejlingti It is used as a nonirritant laxative, supplying a mucilaginous bulk in 
the intestines as it expands by the absorption of water. 

Chondrus, N.F. (Carragheen, Irish Moss), is the dried and bleached plant 
of Chondrus enspus or Gigarttna mamillosa. It contains as much as 80 per cent 
mucilage. Chondrus has been used for many years to treat dysentery, chronic 
diarrhea, etc 

Agar, U.S.P. (Agar-Agar), has been a valuable culture medium in bacteri- 
ology for many years. Pharmaceutically it is used alone and with other sub- 
« J. Pharmacol Exptl Therap , 52, 39(M07 (1934) 

*■ Surg Gynecol Obeiet , 772-84 (1937) 
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stances such as mineral oil and phenolphthalein in the treatment of chronic 
constipation. When taken into the intestinal tract, agar remains undigested and, 
by its absorption of water and swelling, adds bulk to the intestinal contents. 

Pectin, N.F, The pectic substances form a chainlike network of intercellular 
material meshing in with the cellulose structure of plant cell walls. The water- 
insoluble precursor of pectin, protopectin, which makes up the bulk of the pectic 
substance of immature fruits is converted to the water-soluble pectin as ripening 
proceeds. Turgidity of the cellular structure of plants is due to the hydrophilic 
nature of pectin. Ripening processes, Avhich continue through maturity and on 
to decay, hydrolyze pectins, de-esterifying and depolymerizing the molecules, 
producing pectinic acids and pectinates and finally pectic acid, pectates, and 
even the lower sugars 

The pectin molecule is composed of partially mcthyl-esterificd a-n-galacturo- 
nidc units in pyranose form, linked by 1,4-glycosidic bonds There arc usually 
3 to 10 esterified carboxyls to every noncstenfied carboxyl in the pectin molecule 
The average molecular weight is in the order of 150,000 to 300,000. 
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Pectin of phamiaccutical quality is usually obtained commercially by mild 
acidic treatment of the white inner portion (albedo) of citms fruit peel 
Powdered pectin is easily water soluble if precautions are ta ’cn o p^c^ on 
clumping. The pectin may be n-cllcrf with alcohol, glycerol, or glucose symp, 
before water is poured on it, or the dry pectin when roivcd with sug.ar oc ol 
clrs- water-soluble materials may be stirred into water Pectin is mos .stable in 
‘be pH range of 3,0-l,0 or 4.5 Pcelin is piecipitntcd from Us aqiicoii^o s , 
“Icoliol, and ketones when these arc present in 

cent concentration Pectin sols do not cehihit the sol-gel transformation under 
'emperature clianges like sols of gclntin nnd ngar. True pectin gels form onl, 
1" system, wliera the pH “not liiglicr .ban 3 5. tlie sugar eoncen.nition «ee«ls 
,'■■^50 per cent, with pectin at 0 2-1 0 per cent concentration, depciidiiig upon 
“■: quality. Pectin when partially de-csterificd pnxliice., lir.al-reieiMb|e gel 
"Uh very low level, of alkaline enrtlis, regiinlles., of tl.c ^ . 

Ibo medical litcnilllro on pectin, nltlioiigh dating '• _ 

1‘niconnot in 182.) Iia., liecoiiie quite cetensiie null r 

s'-r.Ii„d iiy aiit^Uuh g and prniK-rly clanl..,l. bine sen ii-eil a, ii pl.-niii.-i 
•'’■'Mini.,. L tmitnien. of sli<K-k, and a, ii imduini tor llie 

'r-'-end adiiiinistriitioii of certani tlienipentw ^ 


'» tablclSj capsules, or in j>o»derc<l mi\lure**i 
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diarrhea, bacillary dysenteries, colitis, and otlicr intestinal disorders. De-esteri- 
fication of the pectin by bacterial enzymes in the colon reduces the pH to an 
unfavorable environment for pathoRcns and also permits the pectin to form 
hydrophilic calcium pcctinates which gel in silu to provide fecal bulk. 

Finely divided solid pectin has been used with penicillin and streptomycin in 
oil for intramuscular injections in antibiotic therapy. Pectin is an oil-in-\\atcr 
emulsifier and serves in liquid multi-vitamin preparations and in many essential 
oil emulsions Its acid-buffering ability makes it useful in antacid preparations 
for stomach disorders. Tlic pectin pastes of the National Foimulary arc used 
for wound healing and treating bed sores and also n.s a base for vaginal jollies. 

Nipcctin, a proprietary product containing a small amount of nickel, uhich 
renders the pectin more soluble and increases the bactericidal action, has been 
introduced as a powder for addition to cereal, soup, milk, or other food in the 
treatment of diarrhea and dysenterj' in children. 

Sodium Alginate (Algin, Kclgin) is a gelatinous sul)stnnco obtained from 
various seaweeds. Tlic complex molecule is made up of D-mannuronic acid 
units. It is soluble in cold water, forming a mucilage, and can be made into a 
gel by adding calcium citrate. It is used us a suspending agent in the manu- 
facture of cosmetics and pliarmaccuticals. 

GLYCOSIDES OK IIETEIIOSIDKS 

As previously mentioned, page t05, if a sugar is linked through acetal union 
with a nonsugar moiety the substance is known os a glycoside; liydrolysis affords 
a sugar, which may bo a monose, a di- or tri-saccharide, and a nonsugar, which 
is spoken of as an aglyconc. The natural glycosides yield a heterogeneous classi- 
fication of aglycones. 

The glycosides may be classified in various ways, some of which may be ovci- 
lapping; for example: * 

1. Primarj’ glycosides: those which occur in the plant and arc not products 
formed by the hydrols'sis of other glycosides, e.g., amygdalin 

Secondary glycosides: those which result from the hydrolysis of other glyco- 
sides, e.g., prunasin 

2. According to the nature of the aglycon, e.g., alcoholic, phenolic, cyano- 
genctic, steroidal, etc. That is, the aglyconc belongs to the indicated general 
class of organic compounds. 

3. According to the nature of the simple sugar component of the glycoside; 
thus, if the sugar is glucose the glycoside may be correctly called a glucosidc 
(and the aglycone is called an agluconc; rhamnosides yield rhamnosc, etc.) 

4. According to the plant families from which the gij’cosides arc obtained, 
e g , coniferin comes from Coniferae, scillain comes from the Liliaceae, etc. 

5 According to the physioIc^icaJ effect produced by the glycoside; thus, the 
digitalis glycosides are also knorni as cardiac glycosides 
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Cyanogcnetic Gljcosicles 

The cyanogcnetic glycosides, also knonn as cyanophoric glycosides, give hy- 
drocyanic acid as one of their products of hydrolysis. The common cyanogenotic 
glycosides are derivatives of mandclonitrilc (benzaldehyde cyanohj'drin). They 
occur in many plants. Common sources are bitter almonds, wld cherry b.irk, 
^lerry laurel leaves, and the pits of the kerne! of the peach, ])lnm, and cherry. 
The moie common ones are listcrl in Table V. 

TABLE V 


Clycoaide Formula Sugar Aglycon 

Amygdalin C«HtjOiiN — » Gcntiobiosc + D-mandoloniti-iIc 

Prunasin CiJLtOjN —♦Glucose + i>-mandeIonitrile 

Prulaurasin Ci*lInO«N —♦Glucose + 

Sambunigrin CuHijOiN —♦Glucose + t-m.andclonitn)c 


The three simple htcrcoi.somcric ghicosi<lo.s, pninasin, sitmbunigrin, and pni- 
laurasin, are derived from I mole of glucose condensed with 1 mole of d-, l-, 
and Dt^maiulelonitrile, respectively. 


CelltCH" 

\ 


o-c«nuO» 


CN 

c,n»c— n + 

\ 

on 

Mtndi luni(ril« 


Ainypdnlln, a glycoside obtained from bitter almoncN, 
t'nzymcs in tu-o stages: 

by amygdalave, 


is liyilrtdyzcd by 


CiiiiCn^ 

\ 


c.H.cn 


+ C,Hi:0, 


— CillioOi — O — 

SinytiUlin 


(> CilIi.D* 




‘.V pnm.a'-e, 


/ 

c.incH 

\ 




CN 

/ 

(MUCH t 

\ 

nil 


n Wax first ohtaims! by Iloluuuel and t'hnrhn! m KJO Ilawnrth .ao-l 
".'Urn*' Las.- f.h„«n that tin- t«i* plnoy-r mcd.'nil.*s nn- linl.sl u, glM-,^:.lir 


> V . Ill, 31?) il'Ci. 
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union as 6-glucosyl-/3-glucoside which is the same as the linkage in gentiobiose 
from gentian root. It was synthesized by Kuhn and Sobotka.^^ It is a colorless, 
crystalline, bitter substance, neutral in reaction, m.p. 200°. 


Phenolic Glycosides 

The phenolic glycosides are of some importance in modern medicine. The 
more important ones are listed in Table VI. 

TABLE VI 
Phenolic Glycosides 


Glycoside 

Formula 

Sugar 


Aglycon 

Arbutin 

ChHi.Ot 

— » Glucose 

+ 

Quinol 

Salicin 

CnHuO, 

— * Glucose 

+ 

Hydroxybenzyl alcohol 

Coniferin 

CuH„0, 

-♦ Glucose 

+ 

Coniferyl alcohol 

Gaultherin 

CisHj.Oii 

Primeverose 

+ 

Methyl salicylate 

Phlorhizin 

CstHnOjo 

—► Glucose 

+ 

Phloretin 


Salicin occurs in varying amounts up to 7.5 per cent in many species of Salix 
and Populus. It forms colorless crystals, is soluble in water 1:25 and in alcohol 
1:90, m p. 201.5°, It has been used for many years as a remedy in the treat- 
ment of fever and rheumatism. Before the age of synthetic chemistry, it was 
the chief source of the salicylates. It is now used as an antipyretic, antiperiodic, 
and simple bitter. Upon oxidation, the saligenin yields salicylic acid which 
probably accounts for its value. It is better tolerated in the stomach than 
sodium salicylate which has largely displaced it in medical practice. Hydrolysis 
of salicin is indicated. 


0— CeHnOs OH 



Sahcin Glucose Saligenin 


Phlorhizin occurs in the bark and root bark of many rosaceous trees, is 
slightly soluble in water, soluble in alcohol 1:4, m.p. 170°. It is used to test 
the functional activity of the kidney. Injected hypodermically, it produces 
glycosuria (phlorhizin diabetes). Hydrolysis of phlorhizin is indicated. 

« Ber , STB, 1767 (1924) 
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Glurof^ rhlorrlin 


Arliutiii occurs in Arcfo'staphylos Uta-urst and in many pcncra of f?ic Krica- 
ccno. It co'stallizos in silky nccd/cs xiliich arc soJublo in cold uafcr I;S, In 
iiot water 1:1, in alcoliol and arc insoIiiWc in mo^'t organic foJvcnte. It 
h used a? a diuretic. It also lias some Iwctcricidal value because of llie qutnol 
formed on liydrolysis. 


Couttiarin Cl)c«'*idc>» 

Tiic coumarin glycosides arc widely di'sirilmtcd in plants, 'llicy arc not of 
medicinal importance. A few of ihase found in drugs u'.f'tl mc<licma!!y with 
the products which they yield on livdroly.sis are indicafcd in Table VII 

vii 

CoiM«Ris Oitm'«fniH 

l'<»rinuli .‘JoK'ir_ 

r jIfuO, -• rJIiiro'-’ + r'lb<tmt)roijnisrin 
r> fluO* -* + rr7-bilij«lmt)T».»niinn 


OlyrrHicIe 

SVinmiin 

Ar«rul)n 

n^jvtiTiin 

Yrmn 


The htnicture of the lactone, ronm.nnii, indicalcH the rfin-tUuUnn eif tin"** 
Klyc«.si,!M. The lactone •- formed fn.ni ihe <wfHimannir and IiIk r^tfjsi on the 
hydroIykiH of the glucoside, a** nidiratr*! 

o 
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IIydro\)nuthrnqtimonc Glycosides and Aglyconcs 

Hydroxy derivatives of anthraquinone occur widely distributed in plants 
both as glycosides and in the free state. They arc red or yellow coloring matters 
used with mordants and formerly were of great importance in dyeing. 

Many purgative drugs, such as rhubarb, senna, cascara, and aloes, contain 
derivatives which arc present either in the free state or as glycosides. Since 
anthraquinone is the diketono produced by the oxidation of anthracene, all 
these anthraquinone substances may be regarded a.s products formed by o.xida- 
tion, reduction, hydrolysis, and condcnsjition from the hydrocarbon anthracene. 



Anthracene 

The more important glycosides belonging to this grouj) arc listed in Table VIII. 


TABLE VIII 


Glycoside 

Sugar 


Aglycon 

Rubcrythric acid 

2 Glucose 

+ 

1,2-Dihydroxy.'inthraquinono 

Purpurin 

1 Glucose 

+ 

l,3*Dihydro\y-2-mcthylanthraqulnonc 

Xanthopurpurin 

1 Glucose 

+ 

l,3-Dihj'dro\yanthraquinone 

Franguhn 

1 Rhamno«c + 

l,6.8*Tn}>ydrosy.2*methylanthrnquinonc 

Polygonin 

1 Glucose 

+ 

Trihydro\ycmodin 

Barbalom 

Glucose 

+ 

Aloe omodln 



The relationship between some of the anthraquinone derivatives is shown by 
the accompanying formulas. 


HO 0 on HO O OH 



OH 


Rhein 


Fran^uU emodit 
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Partially reduced derivatives of anthraquinono, known as anthrones and 
anthranols, also occur in purgative drugs. In such drugs us rhubarb, senna, 
and cascara, the proportions of anthraquinone derivatives known to be present 
arc frequently insufficient to account for the purgative action of the drug. In 
these the purgative action is supposedly due to small quantities of very active 
glycosidal derivatives or resin acids A great number of other pigment glycosides 
having little or no medicinal use occur in drugs, c.g., anthoxanthin, flavone, 
flavanol, fiavanone, xanthonc, and anthoxanthin glycosides.*^ 

Barbaloin yields the aglycon aloe-emodin-9-anthronc.” 

HO 0 OH 


CHiOII 
H, 

Aloe-«>no«lin-9-«n(hrone 



Glycosides Containing Snlfiir 

A number of plants of the Cruciferae yield glycosides containing sulfur. When 
hydrolyzed by the enzyme, myrosin, these give rise to the mustard oils. The 
best-known representatives belonging to this class ere sinigrin and sinalbin, 
found in the seeds of black and white mustards, respectively. When the black 
mustard seeds are crushed and moistened, the odor of ally! isothiocynnato is 
easily detected. The myrosin and sinigrin contained in separate cells do not 
interact until brought together by the destruction of the cell walls to form the 
oil of mustard as indicated. 

11.0 

CH^CH— CHj— N=C— S— C8H„0 j — '—)■ 

I 


0— SOjK 


Cf£t=CH— CHj— N=0=S + KHSOi + CtHijOe 

Alljl i«othton (wl of niu^lairlj ri>f*»tuni D^Cliicosc 


Sinalhm upon enzymic hydroIy.Ms yields D-glucosc, p-hydioxybcnzylisothio- 
cyanate, choline, and sinapinic acid (3,5-dimctho\3'-4-hydro\ycinnamlc acid). 


Cardiac Glycosides and Agij’concs 

The most important glycosides used in therapj' arc a closelj' related group, 
which, because they increase the tone, excitability, and contractility of cardiac 
and arterial muscle, are called the cardiac glj’-cosidcs. Thej’ occur in manj' 

” tor nn rxtended rnn«d(*rntion of in.iny of th*-*** pigniont i:bro«nIre see Gilmiii, Orgnnic 
Vhfmi^lry, Vol 2, ISI.'. 1310 fini31 
“ Gardiipr and Josoplt, .f .-Im Phnrm , 26, 795 (1937) 
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poisonous plants which have been investigated more or less intensively, 
namely: 

Scrophulamceae: purpmea, Dipilalis lonota, and other species of digitalis 

Apocjmaceae: Slrophanthus, Komh6, S. hispidus, S. sarmentosns, S. grains, and other 
species. Thevelia nm'tyoh'o, Apoctjntm cannabimim, Nerium oleander, and the 
Ouahat'o tree. 

Liliaceae. Urginea wjarth’jna, Urginea indica and Convallaria majalis. 

Asclepidaceao : Periploca graeca and the Uzara tree 

The composition of these glycosides i.s indicated in Table IX. The structures 
of the aglycons have been established, through numerotis researches which be- 
gan ndth Windaus in 1915, to have a steroidal character. 

TABLE IX 


Aglyco.v Strccture or the Carduc Glycosides 


Glycoside 

Aglycon 

Position of 
OH Group'^ 

U 

Rings* 

A/B 

CC3)OH/R* 

Digitodn 

Digitoxigenin 

3, 14 

CH) 

Cis 

Trans 

Thovetin 

Thevetigen 

3, 14 

CIIi 

Cta 

Cis 

Uznrin 

Uzarigenin 

3, 14 

CH, 

Trans 

Cts 

DIgoxin 

Digoxtgenin 

3, 12, 14 

CH, 

Ci'j 

Trans 

Gitoxin 

Gitoxigenin 

3, 14, 1C 

CH, 

Ci‘« 

I'rans 

Pcriplocymarin 

PeriploRcnin 

3, 5,14 

CH, 

Ci> 

Trans 

Sarmentocymarin 

Sarmontogenin 

3, 11, 14 

CH, 

Cis 

Trans 

I-Strophanthidin 

StrophantUidm 

3, 5, 14 

CHO 

Cis 

7’rans 

Cymarin 

Stroph.anthidin 

3, 5, 14 

CHO 

Cis 

Trans 

Convallatoxin 

Con vallatoxigenin t 

3, 5, 8, 14 

CH, 

— 



• Probable structurcs- 

t Probably contains a double bond between carbons 9 and 11. 


The formulas of the following aglycons and glycosides illustrate how they may 
be derived from the steroidal ring system and from the data in Table IX. They 
also show how the structure of scillaren A, and A:-strophanthin differ from the 
digitalis-type aglj'cons. 


CTI=CH 
/ \ 



SrilUrro A R is a disacchands rsaidue 
which fonns rhannose and glucose 
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Outbtecoia. n •• B (also koovn as «-str«^aathio 
Ouabain, R * rhamnoss residue 


In Table X are given the names of some important glycosides along wth their 
hydrolytic products The rings A and B may be either cis or trans. The hy- 
droxyl on carbon 3 may be either cis or trans to C19 but it is generally trans. 
The principal aglycons have been shown to differ from each other chiefly in 
the number and positions of the hydroxyl groups and in the stereochemical 
nature of the ring system as shorni in Table IX. 

The drugs used today as cardiotonics were knonu to the ancients, Thus squill was 

k •’ ^ ^ t . j 

b 

a' 

ir • ■ ■ 1 

Practical Remarks on Dropsy and Other Diseases" acknowledged his indebtedness to a 
fanuly recipe for the treatment of dropsy, which had been handed donm as a secret remed}’ 
to an old Shropshire woman. This reawakened interest in the drug Numerous efforts 
followed to isolate the pure active principles from squill and digitalis since these crude 
drugs and their preparations vary greatly in aclirity and often lose variable amounts of 
their activity on curing and on aging. Numerous mixtures of glycosides were isolated in 
these efforts. A successful conclusion was achieved by Stoll and his co-w orkers after they 
had developed a technic from ten years of intensive research By careful extraction and 


Tho physiological activity of the drugs, preparations such as tinctures and 
fluidextracts, and the isolated glycosides and glycosidal mixtures of the so-called 
“cardiac glycoside” group are similar qualitatively tint often differ qiiantita- 
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TABLE X 

Some Cardiac Glycosides and Their Fission Products 


Glycoside 

Formula 


Fission Products 

Gcnin or Aglycon + Sugar 

Digitoxin 

CiiHiA, 


DigitOMgenin 

+ 

3 Digitoxose 

Gitoxin 

C«H«Ou 

-* 

Gitoxigenio 

-f- 

3 Digitoxose 

Digoxin 

C4iH,.0i« 

-* 

Digoxigetiin 

+ 

3 Digitoxose 

Gitalin 

Ci.IImO., 

-• 

Giloxigenin 

+ 

2 Digitoxose 

Purpurea 

UhUtiDii 

-* 

Digitoxigenin 

+ 

3 Digitoxose + 

glycoside A 
Purpurea 

CiTUrtOii 


Giloxigenin 

+ 

1 glucose 

3 Digitoxose + 

glycoside B 
Digilaoide A 

CitUuOit 


Digitovigeoin 

+ 

1 glucose 

2 Drgitoxo.«e + 

Digilanide B 

CifHrtOjt 


Giloxigenin 

+ 

glucose + 
acctyldigitoxose 

2 Digitoxose -f 

Digilanlde 0 

CiiHriOit 


Digoxigenin 

+ 

glucose + 
acetyidigitoxose 

2 Digitoxose + 

Ouabain 

CtiHitOi} 


Anhydro-ounbagenin 

+ 

glucose 4* 
ocetyldigitoxose 
Rhamnose 

Cymarin 

C,oHi.O, 

-» 

Stropliantbidin 


Cymaroee 

Sarniantoey matin 

C„II«0, 

— * 

Sarmentogenin 

+ 

Sarmcntose 

Oleandrin 

CiiUuOl 

-» 

Giloxigenin 

+ 

Oleandrusc + acetic 

/c-Strophanthin-jS 

CMni«0t4 


Slrophantliidin 

+ 

acid 

Cymarose + 

Thevetin 

C4,H«Oi« 


Anhydrothevetigenin 

+ 

glucose 

2 Glucose 4* 

Periplocymarin 



Periplogenin 

+ 

dlgitalose 

Cymarose 

Uzarin 

C«H».Oj4 

— » 

Anbydrouzarigenin 

+ 

2 Glucose 

Periplocin 


-* 

Periplogenin 

-f 

Cymarose 4- 

Scillaren A 

CiiHitOtf 


Scillandin A 

+ 

glucose 

Rhamnose 4* 

Proscillaridin A 

C,oH4,0, 


Scillaridm A 

+ 

glucose 

Rhamnose 

CoQvallatoxin 

CjfHijOio 


Convnilatoxigen in 

+ 

Rhamnose 


lively, the quantitative differences are compensated for largely by biological 
standardization. The cardiac glycosides stimulate the vagus mechanism and 
increase the tone of the heart. They are used in cardiac insufficiency to secuic 
compensation. They slow the rate of heartbeat, cause the heart to empty more 
completely, and they improve the cardiac output and thus have proved of value 
in auricular fibrillation. They also act as diuretics. Powders and galenical 
preparations of the crude drugs are used Puiified glycosides and glycosidal 
mixtures are used in the form of tablets, hypodermic tablets, solutions for in- 
jection, etc. 
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It has been shown that in the cardiac aglycons the double bond, the Jactone 
ring in the side chain, and a favorable configuration of the ring system arc neces- 
sary for specific heart action, These observations led to the careful examina- 
tion ” of 27 /3,7-unsaturated Y-lactoncs; it was found that /S,y'angehca lactone 



^.y-Ansfli's laeton« 


CH 

EtOCO— C ClI 

11 1 

lie c=o 

\ / 

0 

E(h}l coutntlatc 


and methyl and ethyl coumalatc caused syfetolic standstill in the ventricle of 
the frog but not of the cat 

One theory’ bases the activity of the caidiae giyeosides on a rehthn&hip to 
the "hormone of heart contractility.” 


Products 

1. Purified mixture's of glycosides or single glycosides from digitalis nro tho^e obtained 
by vflrioufl method's of extraction and purification and vary in potency Dtgalen, N.ff.R,, 
Dig%fohn, If N R., Dtgitan, N.N.R., Digilantd, N K R. Other proprietary products that 
consist of the mixed glycosides of digitalis Include Digifortls, Digiglu«m, Diginutin, and 
Digipoten 

Single glycosides of digitalis include- Digilcxin, US.P , Ottnltn, A' If R., and the pro- 
prietary Digaztn, CI.S P. Lanalaside C, N.P , is obtained from Digttahs lannta. It rs u«ed 

nixtures derived from strophanthus include. 

3 Purified glycosides from squill are. Sctllorcn B, Scillaren, A’.A’.f?, and 

Vrgimn. 

4 A puiified glycoside from Thevettn veriifohn is: Therelin, C88H«60u-2H80. It i^ 
soluble m water and isstiible It h.ssan action on the heart similar to that of digitalis anil 
IS more rapidly effective It i" less cumulative and better tolerated than digitalis. Thc- 
vetin H usualb’ administcretl intravciioiisb'. 


Saponin^ 

Rutin, sec page 320. 

The saponins arc a wiilely distribulrd class of gbcusidcs The^- occur in 
manv plants but are espccialb' common in (ho Rovicoao, Caryophyllaccao, ami 
Sapindacoae. They resemble (he glycosides in many of their properties hut 
differ chiefly as follows: 

1. Wien shaken with water they form colloidal soluUons with a stable soapy foam; 
hence their name. These solutions form emulsions with oils and resins 

2. They have a bitter and acrid baste, and the dust of saponin-containing drugs is 
usually scrv irritating to mucous mcinhraiics; on the nasal membranes they act as riolont 
stcrniitatorj- iiritants 

** Chen, Sleldt, Fried, iiiid LIderficId, J Pharmaeot^ 74, 3S1 (19(2). 

” Ki«ch, Ezpll .Ved Surg , 4, 4 (1940), C A , 41, 2l8 (1947). 



124 


THE CHEMISTRY OF ORGANIC MEDICINAL PRODUCTS 


3. The sapomns in low concentraUon destroy red blood corpuscles by hemolysis. For 
this reason, they are toxic when administered intravenously. The more toxic ones have 
have been called sapotoxins. Administered orally, they arc not toxic; probably because 
they either are not absorbed or are hydrolyzed in the intestinal tract. 

4. They arc toxic to cold-blooded forma of animal life such as frogs, and extracts of 
plants containing saponin have been used as fish poisons Some saponins have been 
reported to be toxic to fish in dilutions of I to 1, (MX), 000 When acetylatcd, the saponins 
are converted into nontoxic derivatives. 

5 They form molecular compounds with the higher alcohols and phenols which sep- 
arate from alcoholic solution as solids. This property has been utilized to estimate sterols 
by precipitation with digitonin. The precipitates when extracted with ether yield the 
sterol and leave the saponin as an insouble residue. 

6. Acid hydrolysis splits the sapomns into sugars and an aglycon termed the sapogenin. 
The sapogenins generally jneld readily ciystnlUmble products on acetylization, 

Jacobs and Simpson ** showed the relationship of gitogenin and sarsapogenin 
to the sterols by dehydrogenating them with selenium to Diels’ hydrocarbon. 
The work of others has established the constitution of the genins of a number of 
saponins. These studies have proved that sarsapogenin, smilagenin, tigogenin, 
gitogenin, and digitogenin all yield Diels’ hydrocarbon on dehydrogenation with 
selenium. These have been called the digitalis saponins. Another group of 
saponins yield sapotalcne (l,2,7-'trimcthylnaphthalenc) when dehydrogenated 
with selenium. They are believed to be triterpenoid compounds. 

The saponins of interest because of their relation to physiologically active 
substances are given in Tabic XI. 


TABLE XI 

Important Saponins and Their Hvdrolytic Products 


Saponin 


Source 


Amolonin 

Digitonin 

Gitomn 

Sarsaponin 

Tigonm 

Tnllm 


Chlorogalum 
‘pomeridianum 
Digitalis purpurea 
and D. lanala 
Digitalis purpurea 
Radix sarsapanllae 
Digitalis purpurea 
and D lanala 
Trillium erectum 


Hydrolytic Products 

Tigogenin + 3 gluco'^), I galactose and 2 rbamnosc 

Digitogenin + 4 galactose and 1 xyloso 

Gitogenin -f 3 galactose and 1 pentose 
Sarsapogenin + 2 glucose and 1 rhamnose 
Tigogenin + 2 glucose, 2 galactose and 1 rhamnose 

Dio<*genin + 1 glucose 


Numerous crude drugs such as quillaja, glycyrrhiza, senega, guaiac, and jalaj) 
also contain saponins. These are of slight interest since they are used chiefly 
as expectorants and diuretics Others such as solanine from potato sprouts con- 
tain nitrogen and are of biochemical interest since they offer possibilities of a 
link between the glycosides and the alkaloids. 

Marker and his co-workers have studied a number of sapogenins Their 

Biol Chem , 105, 501 (1935) 

Am Chem Soc , 52-55 (1940-1943). 

Am Chem Soc . 6<), 2373-2404 (1947) 
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work has led to the establishment of the structures of some of these complex 
compounds. The original series of articles should be read to understand prop- 
erly the interesting relationship between these compounds and the sex hormones. 
The structures established as a result of their work show that these sapogenins 
are ketone acetals derived from the cyclopentanophenanthrene hydrocarbons. 




HORMONES OF THE ADRENAL CORTEX 

Responding to the stimulus of the adrenocorticotropic hormone, secreted by 
the anterior pituitary gland, the cortex of the odrcnal gland elaborates a num- 
ber of steroidal compounds. Tlie total steroid output of the gland consists of 
28 or 30 different compounds ** Forty to 60 per cent of the total amount ap- 
*’ Roberta and SrpRo, Ann /?«■ fliocArm , 21, M3-596 (1955). 
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pears as corticosterone and cortisol, which are probably derived in vivo from 
cholesterol according to the steps indicated.** 



The other steroids are probably derived biologically from these two and ap- 
pear quantitatively as minor products but are probably more significant physio- 
logically. 

The two main functions of these hormones are {a) to regulate the body elec- 
trolyte balance and (b) to aid the liver and muscle in the metabolism of carbo- 
hydrate and protein. Hypcradrcnocorticism produces expansion of extracellu- 
lar fluid and retention of sodium ion, depletion of intracellular potassium and 
phosphate ions, and, frequently, extracellular alkalosis. The adreno steroids 
appear to play a role in cellular shifts of electrolytes and water and in the acid- 
base disturbances.” Adrenal cortical deficiency produces an abnormal and 
marked negative balance of the sodium ion, which is accompanied with shift 
of cellular fluids 

Adrenal Cortex Extract, N.N.R., is obtained by acetone extraction of the 
frozen adrenal glands and then purified further by selective precipitation and 
extraction technics. This process eliminates most of the epinephrine present in 
the original extract. The extract is useful in the treatment of Addison's di-sease 
and other types of adrenal cortical insufliciency. 

The usual modes of administration are subcutaneous, intramuscular, or intra- 
venous injection 

Cortisone Acetate, U.S.P, (Cortone Acetate, Cortogen Acetate, 11-De- 
hydro-17-hydroxycorticosterone-21-acetate), is prepared synthetically by a 

« Pincus, Ann N Y. Acad Sci , 61, 283 (1955) 

” Roberts and Randall, Ann N. Acad. Set, 61, 297 (1955) 
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lengthy process from desoxycholic acid. Total synthesis has also been 
achieved.*^ 

Cortisone acetate is a white, colorless powder which melts with decomposi- 
tion between 242 and 248". It is practically insoluble in water, slightly soluble 
in alcohol but freely soluble in chloroform. 

It is used for adrenal cortical insufficiency in ailments such as Addison’s dis- 
ease, rheumatoid arthritis and rheumatic fever, inflammatorj' and allergic dis- 
eases of the eyes, skin and mucosa, bronchial asthma, postoperative collapse, 
thermal burns, and other disorders. 

It is contraindicated in hypertension or cardio-renal disorders where the pos- 
sibility of increasing blood volume or pressure may be undesirable, in latent 
tuberculosis and mental derangement, and in active peptic ulcers. 

It is usually administered intramuscularly in an oil suspension or subcutane- 
ously in the form of pellets for more prolonged therapy. 

Hydrocortisone Acetate, U.S.P. (Hydrocortone Acetate, 17-Hydroxycorti- 
costerone-21-acetate), is a white, odorless, water-insoluble solid which melts 
between 218 and 223" mth decomposition. It has the same qualitative meta- 
bolic and therapeutic properties of cortisone acetate. It has the advantage over 
the latter in that it causes less irritation and promotes a more prolonged and 
intense cfTect when administered into the intra-articular spaces affected wth 
rheumatoid and osteoarthritis. Quantitatively hydrocortisone is more active.” 
It is the principal, probably natural, glycogenic steroid elaborated and secreted 
by the adrenal gland.” 




In hydrocQrtiMtit th# e»rt>onyt 
mvup in pMition-11 u rHuced 
l« Mrbinol 

l)eso\j corticosterone Acetate, U.S.P. (CJortate), the acetir acid ester of 
desoxycorticosterone, occurs as a white or creamy white crj’stalline powder, 
which is odorless and stable m air. It is practically insoluble in water and only 
slightly soluble m vegetable oils 

Desoxycorticosterone acetate produces a beneficial result m Addison's disease, 
hhock, and myasthenia gravis It is reported to be effective for retention of 
sodium ion and to increase secretion of potassium ion It is used for adrenal 

*' \V<v>r|w«nl, Sondhpinirr, «n<l Taub, J Am Chem »^or , 73, 4057 (1951 ) 

“I.urlliii ri nl . Ann \ 1* Aead , 61, 315 (1955) 

“Bolin.l, .Ihh A } Acn-i .?«. 61,319 (1055). 
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cortex replacement therapy. It is usually administered intramuscularly or l)y 
implantation. 

Aldosterone (18-Oxocorticostcrono, EIcctrocortin), isolated in 1953 from the 
amorphous fraction of adrenal extracts,” has been described ns the principal 
life-maintaining hormone of the suprarenal gland and is presumably responsible 
for the potency of tlie amorphous extract.** Its activity in effecting sodium 
retention and potassium excretion is rcportwl to be 30 or more times greater 
than that of 1 1-desoxycorticostcronc acetate.** It has little or no antiinflam- 
matory effect. 

Aldosterone has been synthesized; the racemic synthetic product is about 
half as active us the natural (-f)isomor.*® The hormone probably cxist.s ns an 
eciuilibrium mixture with its cyclic hcmiucetal- 



IModiHcd Corticosteroid** 

Tlie introduction of stmctmal mmlincations into the horinon(\s of the adrenal 
cortex opens the way to some very promi^ng products. A halogen atom in the 
9a-position of hydrocortisone alTccts vorj* markedly the activity, the greatest 
increase appearing with the halogen atom of lowest atomic weight.’* 

9a-Fhiorohydrocorlisonc is ten or more times more effective than hydro- 
cortisone in controlling inflammation of arthritis;*** it is on effective and more 
potent antirheumntic agent; ** and its salt-retaining effects are increased,*' which 
tends to cancel out its antiarthntic merit. 

9a-Fluoroliydrocortisone Acetate is eleven times more active than corti- 
sone acetate *® 

*’ Farrell and Iliehards, Proc Exptl Biol Med , 83, 628 (1053). 

** Roberts and Szego, Ann Ilev Biochem , 2t, 543 (1955) 

« Simp-son et al , Eipcrtenlin, 9, 333 (1953), Helv Chtm. Ada, 37, 1163 (1954). 

«CAem Eng A'eits, 33, 3480 (1955). 

“ Fned, Herz, Sabo, Rorman, Singer, and Numcrof, J Am. Chem Soe., 77, 10G8 (1955). 

« Goldfien, Morse, Froescb, Ganong, and Thom, Ann A' 1’ Acad Sa , 61, 433 (1955). 

^ Boland, tbtd , 591 

“ Renold, Haydar, Reddy, Goldfien, St Marc, and Laidlaw, tbtd . 582 

“ Fried, thd , 573 









^ p*«4»>*^'‘* _ propc^^''^® \\^it 

fluoropvc'i ^ osilion Oo-Fluorop tnou^ 



^ < VnlTHOnt^ CcbnC*“*^^’ 

“' '"' T„„.„, >»"- "’”' ■ ^ V ■- '‘'-^ 3.C. 

.Hoes. '•■" „,jrroi.-'- •'”"■■ ,„ i-k," ■'f.'i.lvH 


; UlO 1'.' - pnis"” . ,„ ivo'. ”' 
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THE SEX HORMONES 

The glands of the reproductive system elaborate specific compounds of steroid 
character which are known as sex hormones. There are three types of sex 
hormones, or sexogens: The estrogenic or ovarian hormones responsible for 
estrus; the gestational hormones, elaborated by the corpus luteum; and the 
androgens, the male hormones elaborated by the testes. The physiological dis- 
tinction between these is perhaps less definite than is the chemical difference. 
The production of these hormones is regulated by the gonadotropic hormones, 
which are protein in chaiacter and elaborated by the anterior pituitary gland. 
The sex hormones, in turn, have a reciprocal effect on the production of the 
gonadotropic hormone.s, thus maintaining a delicate biochemical balance. 



Tcctostcnme 


The three chief hormones are indicated. Other compounds of related stnic- 
ture appear to be metabolic transformation products. 

For information on the mechanisms and operations of the delicate hormonal 
balance in the sex processes appropriate treatises should be consulted. The 
medicinal chemist will, nevertheless, be interested in those substances which 
are used therapeutically to maintain and correct this balance when necessary. 
For this purpose not only the natural hormones are employed, but in many 
instances a synthetic compound of related structure may he the diug of choice. 

Estrogenic Hormones 

The estrogenic hormones are responsible for the complete and normal develop 
ment of the sexual organs, the secondary sex characteristics, and the maintenance 
of good health in the female. Chemically, all compounds are derivatives of 
J,3,5 ( 1 0)-estra triene. 
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1,3,5 (lQ]-E«tratn«M 


E<b«iie 




Ectndiel-*!?^ 


Eitnol 


The piimary estrogenic hormone produced hy Ihc ovaries is estradiol (estra- 
diol-l7^). Other compounds of relaterl physiological function of medicinal im- 
portance are estrone and estriol. These represent oxidation products of estradiol 
and excretion forms which qualitatively pos.sc.ss similar function but quantita- 
tively are much weaker in activity. Examination of the formulas shows that 
the wide differences in estrogenic activity depend on comparatively small modi- 
fications in chemical structure. 

Because of oxidation attributed to the microflora of the gastrointestinal tract, 
c.stradio1 loses some of its activity after oral administration by being converted 
to the corresponding ketone Follouing injection, estradiol is rapidly de.stroyed 
in the liver Esterification afford-s greater resistance to this oxidation, which 
leads to the use of e.stradiol benzoate (the benzoyl on the hydroxyl at position 
3) and estradiol dipropionatc 

The production of estradiol in proper amounts by the ovarian follicles from 
childhood to the menopause constitutes an important and necessarj’ function 
for the normal development of the female rliiltl and the proper maintenance of 
the reproduction prooe.ss and good health in woman nnefly, in the immature 
child the estrogenic hormones are rc.spon.siblc for (a) growth of serondarj' sc.x 
organs, (/j) development of the breast, (c) development of genital tract, and (d) 
distribution of hair. In the sexually mature female these products (n) maintain 
the normal size, capacity, and functional activity of the acces.sorj’ sex organ.s, 
(6) are responsible for bodily contours, distribution of fat, breast development, 
and growth and distribution of hair, (c) preserve the normal epithelium layer 
of the xnilva and vagina, (d) influence normal contractility of the uterus by 
stimulating the muscle of the myometrium, (c) promote growtli of duct ti&sue 
of the breast, (/) control (he production of certain hormones of the anterior 
pituitarj', including gonadotropic hormones, (p) aid in maintenance of normal 
conditions of nasal and oral mucous membranes, and (ft) exert a powerful in- 
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fluence on psychic attitudes and the phj’sical and mental health of the normal, 
hormonally balanced woman. 

Estrogenic therapy is indicated in cases of estradiol insufficiency. Such re- 
placement therapy may bring about a normal state of welt being. Thus, it is 
used in sexual infantilism, senile vaginitis, menopausal syndrome for smoother 
transition, to control the activity of the anterior pituitarj’, juvenile vaginitis, 
and to produce an increase in muscle strength, bodily vigor, and mental faculties. 

Although crj'stalline estradiol docs not need to be a.ssaycd biologically because 
its effect can be determined on a weight basis, for purposes of comparison with 
other estrogens it is assayed biologically in terms of Rat Units (U.U.) or Inter- 
national Units (I.U.). The I.U. is equal to 0.0001 mg. (0.1 gamma) of crj’stal- 
line estrone. One milligram of estrone is equivalent to 10,000 I.U. by definition 
or 1000 R.U. by actual bioassay. Therefore, 1 R.U. is equal to 10 I.U. The 
comparative activity of the c.strogcnic substances is: 

1 inR. estradiol 120,000 I.U. 

1 mg. estrone 10,000 I.U. 

I mg cstriol 1,500 I.U. 

Epimerization at position 17, that is, conversion to c.vtradioM7a, reduces 
the activity to about a fortieth. 

Estradiol) N.F. (Female Sex Hormone, Follicular Hormone, Progj’non-DH, 
Estratriol-17/9, 3,17/5-Dihydro.\'y-l»3,5(10)-cstratricncl, is a white or creamy 
white crj'stalHne powder or fine ciystals, m.p. 173-179*. It Is stable in air. It 
has a rotation in dioxanc of not less than +7C* and not more than +80® (100 
mg. in 10 ml.). It is soluble in alcohol, sparingly soluble in vegetable oils, and 
almost insoluble in water. 

This hormone has been isolated from human pregnancy urine, human pla- 
centa, and from horse tc.stcs. Stallion urine is rich in this hormone, but it is not 
a practical source 

It may be prepared synthetically by the Iiydrogcnation of estrone by any ol 
several methods, e.g., catalytically, ^rith sodium and alcohol or ^rith yeast. 

Estradiol is administered orally in the form of tablets or topically for local 
treatment of the vagina in the form of suppositories. 

Estradiol Benzoate, U.S.P. (“Dimenformon Benzoate,” “Progj’non-B”), 
is the benzoic acid ester of synthetic estradiol and is prepared by benzoylation 
of the 3-OH group of estradiol It is a white or slightly colored crj'stalline com- 
pound which is stable in air. It is almost insoluble in water but sparingly soluble 
in vegetable oils. 

The conversion of the natural hormone to the benzoate gives rise to a more 
desirable product because it is slowly absorbed and in turn the duration of activ- 
ity is prolonged. It is usually administered in oil solution intramuscularly. 

Estradiol Dipropionatc, U.S.P, (Ovocylin Dipropionate), is prepared by 
acylation of 3,17-OH groups of estradiol. It is a white or slightly colored crys- 
talline compound which is almost insoluble in water but sparing^' soluble in 
vegetable oils 

Like estradiol benzoate, the dipropionate is absorbed more slowly and elimi- 
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natcd less rapidly than estradiol. Qualitatively it behaves like estradiol. It 
is about one-half as potent as estradiol benzoate imt it possesses a more b istained 
action, II is administerctl inltamnscnlarly in on oil solution. 

Estriol, N.N.K. (3,16,i7“Trihydro'cy-l^3,5(10)-cstiatrienc, “Tlieclor'), is a 
crystalline compound, m.p. 282®, practically insoluble in water, soluble in alco- 
hol, dioxano, and oils, obtained mostly from prepnancy urine. It is usually 
administered in capsules. It is lo.ss active than estrone or c.stra(Jiol. 

Ethin>l Estrndiol» E.S.P. (Rstinyl, Lynonil, Oradiol, 17-Kthinyl-3,17-<Ii- 
hydro\'j'-l,3,5(10)'Cstratrieno), is prepared by rcjictiup estrone uitli pota-s-'lum 
acetylide in liquid ammonia. Ethinyl estradiol is a fine, white erystalUne powder 
which melts between Ml and Mfi®. Ii is praeficailv Insoluble m water f)U( it 
is soluble in vegetable nils. 



The ethinyl group retards the late of deactivation of the estradiol molecule 
in the gastiointostinal tract and iii the liver In view of the increased stability 
caused by the ethinyl group, ethinyl estradiol can be given orally. It is one of 
the most potent estrogens. 

Estrone, U.S.P. l3-Hydroxy-n-kcto-l3,r>(lO)-cstratriene, “Theelin”!, is a 
colorless, crystalline substance, m p 2150®, practically insoluble in water, soluble 
in dioxane, m alcohol and in oils. It is usually administered m solution in a 
bland vegetable oil, or incorporated into suppositories. Maximum activity is 
obtained after intramuscular administration It is active when given in larger 
(loses by mouth, but it is oxidized by the intestinal flora Mare’s urine is a 


( 1 ) breininkte 
fZj -rHBr 


(3) ■remaUrt 


3.n-Andro,Une<]u»ie 




Eitrone 
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source, or it may be syntliesizoU from cholesterol via ejuanclrosterone, as indi- 
cated on page 133.” 

Estrogenic Substances, Conjugated, N.N.R. (Premarin, Concstron, Ilor- 
mestrol), is an amorphous preparation obtained from pregnant mare’s urine. 
It consists primarily of natural estrogens conjugated with sulfuric acid to 
make them soluble in water. The chief constituent is sodium estrone sulfate 
along with varjdng small quantities of other equine estrogens and a large portion 
of nonestrogeiiic mulcrials. It is administered oially for its e.strogenic activity. 
Tlie sulfate esters aie more readily absorbed and ciiculaled in tlic blood. 

Piperazine Estrone Stilfalc, N.N.U. (Sulextre.s Piperazine), is ropref'Ontcd 
by the accompanying formula. It is a fine, white or slightly colored cr\'.stalline 
powder which melts between IS.'i and Ifl.")®. 

o 


“O3SO 

Ptpenrio* Mtran, fulfit* 

The action and uses of pipciazine estrone sulfate are similar to otlier naturally 
occurjing conjugated estrogens. 

Corpus Luteal or Gestational Hormones 

The corpus luteal hormone, progesterone, is responsible for bringing about 
certain changes in the uterus for reception of the fertilized ovum and the reten- 
tion of the growing fetus. It is also found in the placenta. It is derived from 
the parent hydrocarbon pregnane. 

As a result of a stimulus by the luteinizing hormone from the pituitarj’ gland 
the corpus luteum synthesizes and secretes progesterone. This causes the peri- 
odic preparation of the endometrium for reception and nourishment of the 
fertilized ovum. If fertilization does not occur, the corpus luteum regres-ses 
and menstruation follows In the event of fertilization, the hormone regres- 
sion does not occur and the continuous production of the liormone by the corpus 
luteum ensues; the corpus luteum becomes larger and the production of the 
hormone increases. Between the third and fourth month of pregnancy the 
placenta takes over the production of the hormone. This transition stage is 
critical and hormone deficiency during this period may result in abortion. 

During the period of pregnancy progesterone suppresses ovulation, maintains 
the uterus in a condition essential for the growing embryo, inhibits uterine motil- 
ity m threatening abortion and functional dysmenorrhea, induces development 
of mammary glands in conjunction with the estrogenics, and prevents menstrua- 

“ Hersliberg, Rubin, and Schwenk, J Org CAcm , 15 , 292 (1950). 


0 
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tion. The principal clinical indications are for (o) habitual abortion, (/>) threat- 
ened abortion, (c) dysmenorrhea, (d) premenstnml tension, (c) functional uterine 
bleeding, and (/) toxemia of pregnancy. 

Although progesterone is highly effective by injection, it is inactive orally. An 
orally effective progestin was discovered in ethistcrone. Clinical investigations 
show that it duplicates the biological effects of progesterone. These two products 
constitute the medicinal agents used therapeutically for progestational activity. 

Progesterone, U.S.I*. (Progestin, Corpus Luteal Hormone, AM’regnen- 
3,20-dione), is a crystalline hormone principle of the corpus luteum and placenta 
Progesterone is prepared synthetically by several methods. Sligmasterol, 
cholesterol, and the sapogenins ser\'e as starting materials for the.se proce.ssp.s. 
A method fur preparing proge.sterone fiom .stigmasterol is shown. 
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Pregnenolono, one of the intermediates in the synthesis of progesterone, is 
also obtained as a by-product in the technical oxidation of cholestcryl acetate 
dibromide. 

Progesterone occurs in two crystalline forms: progesterone, m.p. 128.5®, oc- 
curs in prisms; and progesterone, m.p. 121®, occurs as needles. These two forms 
have equal physiological activity. It is practically insoluble in water and is 
sparingly soluble in vegetable oils. 

Progesterone is administered intramuscularly for maximum effect. It has a 
low order of activity orally. 

Progesterone is sensitive to alkiilie.s or light. It hliould be .stored in light, 
light-resistant containers. 

Ethislcronc, U.S.P. (Anhydioliydroxyprogesteronc, Pranono, A'’-Pregnen- 
20-ine-17a-ol-3-onc), is prepared from dchydrolsoandrostcrone as indicated. It 
occurs as white or slightly yellow cr>'stals or as a crj’stallinc powder. It is 
stable in air but affected by light. It is practically insoluble in water but slightly 
soluble in vegetable oils. 



Elhi^lrronc 


Ethisterone possesses the same qualitative activity as progesterone. It has 
the advantage that it is active orally. The presence of the ethinyl group in 
the 17-position hinders deactivation of the compound by the microflora of tlie 
gastrointestinal tract and by the liver. 

21-Hydroxypre6nanedionc, ns the sodium salt of the acid succinate ester (P-55, Hy- 
droxydione, Viadnl), a solid steroid derivative, exhibits in e.xperimental animals a pro- 
nounced effect as a depressant for the central nervous system. Administered intra- 
venously or ‘ ' ' ' ’ ' * * ■ ’ . . . , 

of becominj ' 

favorable th . , nal. 

or cortical hormone effects ** 



Hydmydione 

^ P’an, Hutcheon, Rudel, Kodet, and Lauback J Pharmacol Exptl Therap , 115, 432 
(1955) 
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Androgenic Hormones 

The primary function of the androgenic hormones is to regulate the normal 
development of the male accessory sex organs and to maintain the secondary* 
sex characteristics (depth of voice, distribution of facial and body liair and 
muscular and skeletal development). In addition they plaj' a part in the normal 
health of the male in that they promote muscular strength and endurance, in- 
crease the resistance of the central ner\'ous sj-stem to fatigue, and restore mental 
equilibrium and energy. A number of other activities arc attributed to these 
hormones, such as influencing the blood supply and pigmentation of the human 
skin, relieve pain in certain forms of heart diseases such as angina pectoris, 
alTect the blood so that it favors retention of sodium chloride and water and 
excretion of potassium. In the female, the androgenic hormones have an in- 
hibitory effect on the pituitary gland and a neutralizing e/Tect on c.\ce&?ive 
amounts of estrogenic substances. 

In the male, the principal indications for androgenic therapy arc (a) hypo- 
gonadism, (6) the male climacteric, (c) impotence, (d) benign prostatic hyper- 
trophy, and (e) dwarfism. In the female, the principal indications arc (a) 
functional uterine bleeding, (6) dysmenorrhea, (c) after-pains, (d) control of 
lactation, (e) breast engorgement, (/) chronic cystic mastitis, and (g) meno- 
pausal syndromes. 

Chemically, the androgenic hormones arc derivatives of A*-nndrostcnc which 
is derived from the hypothetical hydrocarbon nndrostanc 



A*-Anrfrr«(rfi» 



The pnm-ipal nridniKt-nic hunnone, prodtiml In llie le-li-i n-f a n-uU of 
AtimuI.iHim t>y ihe lutemiring lionnone, is tc«tt«ienitir llie oxidation forms 
of te«t(*st«Tone arc iinirnporf.mt an mfHlirln.n] agents iKv.nuse of thrir Imr onfrr 
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of potency. Testosterone is the most potent androgen known, but it has the 
disadvantage that orally it is inactive and parenterally its effects are rapid but 
of short duration. To prolong its action several esters have been introduced, 
namely, testosterone propionate and testosterone cyclopentylpropionate. These 
compounds are most effective when administered intramuscularly in a bland, 
vegetable oil. The esters show a more prolonged action than testosterone, the 
cyclopentylpropionic acid ester having the longer duration of the two esters 
used medicinally. The introduction of a methyl group in 17-position of testos- 
terone gives rise to an orally active androgen, methyltestosterone. 





The dosage of the various crystalline androgenic substances is expressed in 
milligrams. For the determination of androgenic activity in extracts and body 
fluids, the capon comb method is used. For comparative purpose 1 mg. of 
testosterone is equivalent to 70 to 100 International Units. 

Testosterone, U.S.P. (Oreton-F, A^-Androstene-17-ol-3-one), occurs as white 
or slightly colored crystalline powder or crystals, which are tasteless and stable 
in the atmosphere It melts at 152-150*’. It is soluble in vegetable oils and in- 
soluble in water, 

Testosterone is prepared synthetically from cholesterol according to the 
sequence of reactions shown on the following page 

Testosterone is inactive orally. It is believed to be inactivated by the gastro- 
intestinal microflora It is administered intramuscularly. The absorption is 
quite rapid. It is also administered by implantation. 



OARRONYL OROriP 




lVHto«*R*r«iic l’r()|>]oiuit<*, U.S.P. (IVnindren, Xpo-IIombrcol, Orptoii, 
A^-AiuJro'ftPno-17|CJ-prupiunylo\y-3-oiJc), is pivpurpti by t*htcrifyinK the OH 
Rroiip in tlio 17-position It «K'cunj xis white or creamy white crj^tnls or cr>>tal- 
line powder. It is stable in air but sensitixe to alkali It is insoluble in water 
and holtible in \egc'table oils Testosterone propionate poN«essoa a lonpi-r dura- 
tion of action than tcstostcrtine It is WTukly active orally. It is UMially ad- 
imnistercil intramuscularly. 

TestoMtcrtinc Csclnpcntjlpropionntr, N.N.H. (A*-Andrt>'tcne-17fi-ryrl(>. 
IM-ntyIprop!onylo\y-3-one), is ptep-artsl by rstenfymR the OH proup in the 17- 
|MisiiH)n of testo'^terone It occurs ns n creamy, odorless, t.astch'sji cry«ln!line 
powder meltinR at PS 101*. It is freely noluble in alcohol, soluble in vi-Ri-table 
oiN. and sliRlnly soluble in water 

tjualit.ativi'ly the action ami um"« of testosterone cyrlojK-niylpropion-iie are 
the Ninie ns ti^sto-terone propionate Howc^Tr. it jxve-rs.'.es the aiivantape th.ni 



140 


TIIK CIIEiflSTIlY OF OUGANIC MEDICINAL PIIODUCTS 


it is more lasting in its androgenic effect. It is administered intramuscularly 
in cottonseed oil solution stabilized with clilorobutanol. 

McthyUcstosteronc, U.S.P. (Oreton-M, Nco-IIombrcol M, iMetandren, 
17-Methyl-A^-androstcn0-17a-ol-3-onc), is prepared from debydroepiandroster- 
ono by the accompanying scheme. It melts at 101-lGG®. It is a slightly yellow- 



MrtijyluilMUroD* 

ish, crystalline pow'dcr which is insoluble in water, soluble in alcohol and most 
organic solvents but slightly soluble in fixed oils. 

Testosterone is poorly absorbed when administered by moutli, but its methyl 
derivative is active when given in tablet form sublingually or in ointment by 
inunction. Methyltestostcrone is less active than testosterone by the capon test. 

The favorable effect of a 9a-fluorinc atom is seen in Halotcstin (ll^-17/?-di- 
hydroxy-9a-fluoro-l7-methyl-4-androsten-3-one), reported to be ten times more 
potent than methyltestostcrone as an androgenic agent and twenty times more 
active as an anabolic agent “ 



Ka1ot««tIn Nilevtr 


Nelivar (17Q;-Ethyl-17-hydroxynorandrostenone) is a sixteenth as potent as 
testosterone androgenically but equallyjas potent anaboIicalIy.“ 

« Chem. Eng. News, 34 . 2134 ( 1956 ). 
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Carboxyl Group 


MONOBASIC CABBOXYLIC ACIDS 

The gioup — COOH 13 known as the carboxyl group. It tfie functional 
group of the organic carboxylic acids, which ionize according to the s-cheme : 
RCOOIt i=5 IlCOO- + H-* 

Organic acids aie weakly acid since they ionize but bliglUly in polar solvents. 
The relationship of the carboxylic acids to primaiy alcohols and aldehydes is 
shown by the successive oxidation products of the alcohol 

R— CHjOH R— CHO —X R-C==0 

1 

OH 

nonce the carboxylic acids may l>e looked upon us the final oxidation product 
of primary alcohols or of aldehydes without rupture of the rarbnn skeleton 
They also may be consnlcrcd as hydroearbons in which one liydrogen atom has 
been replaced by one carboxyl group See Table Xll 

Many aliphatic carboxylic acids are prodiiccil natundly. tins is esiiecially 
true for all the normal ebam acids up to C’«, and alMive t’n for the e\ cn-mimbcre<l 
carbon acids as h\gli as t’,s Tl\e straighl-ehawi. e\en-mimberccl C-acids from 
to CiR are found in fats, hence the name fatty nrHl« The higher acids nr«’ 
found as esters in many of the nalunil waxes 
Aliphatic Raiuratod acids up to Cs or are liquids, and the higher mombprs 
are waxy solids. The lower inomlicrs are water soluble With increase m 
HI 
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TABLE XII 


Normai. Aliphatic Acids 


Formula 

Name 

, Melting ^ 
Point 

•c. 

Boiling 

Point 

“C. 

Specific 

Gravity 

Ionization 
Constant 
at 25* 

H— COOH 

Formic, 

mcthanoic 

8.4 

100.5 

1.120 

2.14 X 10-< 

CH,— COOH 

Acetic, 

cthanoic 

16.6 

118.1 

1.099 

1.86 X 1Q-* 

C,IL— COOH 

Propionic, 

propanoic 

-22 

141.1 

0.992 

1.4 X10-* 

C,H7— COOH 

Butyric, 

butanoic 

-7.0 

163.6 

0.959 

1.48 X 10-* 

C4H,— COOH 

Valeric, 

pcntanoic 

-69 

187 

0.942 

1.6 X I0-* 

C.Hu— COOH 

Caproic, 

hexanoic 

-4.5 

202 

0.029 


C,Hu— COOH 

Oenanthic, 

heptanoic 

-10 

223.5 

0.922 


C,Hu-COOH 

Caprylic, 

octanoie 

16 

237.5 

0.010 


C, Hi,— COOH 

Pelargonie, 

nonanoic 

12 

254 

0.907 


C, Hi, —COOH 

Capric, 

decanoic 

31 

268.4 

0.895» 


C„Ha— COOH 

Undccylic, 

undecanoic 

29.3 

228,., 

_ 


CiiHn— COOK 

Laurie, 

dodecanoic 

48 

225|,, 

0 883 


C„H„— COOH 

Tridccanoic 

61 

236io, 


' 

C„H,r— COOH 

Myristic, tetra- 
decanoic 

58 

250.5,,, 

0.85S« 


CwHm— COOH 

Pentadecanoic 

54 

257„, 

— 



Cl, H„— COOH 

Palmitic, hexa- 
decanoic 

64 

215„ 

0.853« 


COOH 

Marganc, hep* 
tadecanoic 

69 9 , 

227„ 

O.gSS*" 


CuH,,— COOH 

Stearic, octa- 
dccanoic 

69 3 1 

383 

0 847" • 



molecular weight solubility decreases. All of them are soluble in most organic 
solvents The lower members of the series have a characteristic odor, the 
higher members are odorless when pure. The salts of the lower-molccular- 
weight acids are soluble in water; for the higher members the alkaline earth 
and heavy metal salts are insoluble. 

The presence of the carboxyl in a molecule increases the solubilitj' in water. 
Foi example, butane is insoluble in water, butyric acid is vci-y soluble; benzene 
15 insobiltle, benzoic acid i.s slightly soluble, phthalic acid is about (wire as 
soluble as benzoic acid, hexane is insoluble, capioic acid is slightly soluble, and 
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adipic acid is considerably more soluble than the monocarboxylic acid. Solubil- 
ity is further increased if the free acid is converted into a salt, particularly the 
salt of an alkali or of an organic base. 


Physiological Activity 

The aliphatic carboxylic acids possess only to a very limited degree the physio- 
logical activity which characterizes the parent hydrocarbon. Only in large 
doses are they able to produce somnolence or hypnosis; the larger the piopor- 
tion of the hydrocaibon residue in the molecule, the greater iseems to be the 
effect. 

The introduction of a carboxyl group into an active compound nearly alway.s 
causes a decrease in activity. Consequently there are very few organic acids 
used directly as therapeutic agents The simple aliphatic acids such as acetic 
and propionic are corrosive in the pure state, but when sufficiently diluted they 
are relatively nontoxic. In large doses the aliphatic acids are somewhat hyp- 
notic, and this property increases uith the length of the carbon chain to valeric 
acid which in the form of salts is used as a sedative, e g., ammonium valerate. 
Most of the aliphatic acids are metabolized and serve as foods. The bianched- 
chain acids are more active physiologically than those with a straight chain. 
The relatively low toxicity of the fatty acids may be assumed from their preva- 
lence in nature and their presence in foodstuffs, particularly in the fats Their 
role in plant and animal biochemistty is not completely understood. 


Products 

Carbon Dioxide* U.S.P, (Carbonic Acid Gas), CO 2 , is added to oxygen in 
varying amounts, usually 5-7 per cent, in artificial respiration as a stimulant 
to the respiratory centers. The amount must be carefully regulated for it may 
act as a respiratory depressant or cause death by a.‘»phj'xia, depending on relative, 
excessive amounts of carbon dioxide used. 

Tlie role of carbon dioxide as tiie raw materin) m pliotosyntiiesis e.irly attracted tlie 
attention of scientists. The overall equation for the natural s^Titlie-^is of sugars, i e., 
liexoses, has long been reprcsentctl b}’ the equation 

6COj -h 6H,0 “ CeH,.0« + GO* 

Until (juite recently it was believetl that the first step was the rwiuction of tarlwn <iio\ide, 
in the prc'sence of ^ater, to formaldehyde, which, hefoi-c reaching toxu coiucntrations in 
the plant tK-»uc^, was quickly hexameriieil, 

OHCHO cai„o. 

’ ■ • • 1 . 

• ■ ibiit 

■ • • ■ (li,,. 

ai ti\e carbon and the brilliant discoveries of Calvin and his co-workers at ttie llni%cr«ity of 

'Vogel, //e/c Chim Ada. 11, 370 (I02S) 
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California * and supporting contributions from others,* the mechanism of photosynthesis 
is better appreciated. 

It is now known that the role of chlorophyll, the energy relationships, the rates and the 
sequence of compound formation are indeed complex and marvelous. Suffice it to say 
that from experiments «nth C'*Oj supplied to algae, Chlorella or Sccnedestnus, it has been 
possible to establish that carbon dioxide first unites wdth ribulose in the photosynthetic 
process to form a transient intermediate which then reacts with a two-carbon fragment to 
form phosphoglyceric acid, the latter becoming apparent \\ ithin 10 seconds after initiating 
the photosynthetic process * Within 15 seconds licxose labeled in all positions appears; 
soon tagged citric acid, sucrose, glutamic acid, alanine, and other compounds make their 
presence known by means of radioantographs. 

One of the early products of the photosj’nthctic processes Is radioactive "acetyl,” which, 
via acetoacctic acid and further condensation, gives rise to the Lsoprcnoid arrangement of 
carbon atoms. These reactions may be summarizcrl schematically as indicated. The 

+CILCXX>U 

CHjCOOH CHsCOCHjCOOH > 

CHj 

\ 

C(OH)— CHtCOOH 
CHj 

biosynthesis of squalene (page 8) In man and the conversion of this hexaisoprenoid into 
cholesterol * (page 53) give emphasis to the significance of the total photosynthetic 
processes. 

Formic Acid, HCOOH, discovered in the seventeenth century by Sheffield, 
occurs free in the ant, especially the Formica tufa, in the processionary cater- 
pillar, in the bristles of stinging nettles, the fruit of the soap tree, Sapindus 
saponaria, and in small amounts in the urine, perspiration, etc. It is manufac- 
tured commercially by passing carbon monoxide under a pressure of six to seven 
atmospheres at 150-170*’ into sodium hydroxide to form sodium formate, and 
the acid is obtained by treating the salt v\ith sulfuric acid. It is a colorless, 
pungent, corrosive liquid, having an odor that resembles that of sulfur dioxide. 
It is soluble in water, alcohol, and glycerin. 

Structurally, formic acid possesses the elements that characterize aldehydes 
and exhibits properties in agreement with such structure. For example, it is 
a strong reducing agent, producing free silver when warmed vdth ammoniacal 
silver nitrate. 

* Calvin et al, J. Chem. Ed., 26, 639 (1949); ibid, 30, 274 (1953); Chem.Eng News, 31, 1C22, 
1735 (1953); J Am. Chem Soc , 73, 2362 (1951); t&td, 76, 1700, 4348 (1954); ibid, 77, 2659 
(1955). 

* Granick, Chem. Eng News, 31, 748 (1953) 

Bonner el al , J. Chem Ed., 26, 268 (1949); Science, 120, 549 (1954). 

* Wilson and CaUnn, / Am Chem. Soe , 17, 59i8 (1955). 

* Schwenk, Todd, and Fish, Arch Biochem. Biophys , 49, 187 (1954) 

Eidinoff et al , J. Cltn. Invest , 33, 333 (1954) 

Dauben and Takemura, J. Am. Chem Soe, 75, 6302 (1953). 

Woodward and Bloch, J Am Chem. Soe , 75, a)23 (1953). 
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The official product is about a 25 per cent solution of formic acid in water. 
It is a colorless liquid with a pungent odor and a strongly acid taste. It is used 
in the form of the Spirit as an irritant (at one time the spirit was made by 
macerating ants ^^^th alcohol, and it had quite a reputation as a tonic on the 
supposition that it would confer on man something of the vigor and indefatiga- 
bility of the insects). Internally, it has the same action as the acetates. (See 
methanol poisoning, page 35.) It is corrosive and irritating but relatively 
nontoric when diluted. It possesses strong antiseptic properties and is used as 
a fungicide. Its value as a therapeutic agent is questionable. 

Glacial Acetic Acid, U.S.I*. (Etbanoic Acid), is a liquid containing about 
99.4 per cent CH 3 COOH. The concentrated acid was first prepared by Stahl 
in 1700. Berzelius in 1814 established its constitution. It is present in “pyrolig- 
neous” acid (obtained by the pyrogenic distillation of lignin or wood) to the 
extent of 4-0 per cent. Acetates arc found in the perspiration, in fruits, and in 
plants. 

Most of the world’s supply of acetic acid is prepared by the oxidation of 
acetaldehyde. The acetaldehyde for this purpose may be obtained by the hy- 
dration of acetylene or by the oxidation of ethanol, Commercial glacial acetic 


CHsCHjOH • 


C(I,CHO Oil, COOK 

air 


acid is 99.6 per cent pure, or better. 

It is nontoxic when diluted and possesses little therapeutic value. It is used 
as a solvent and for the preparation of dilutions for pharmaceutical application. 
The salts of acetic acid are employed extensively in connection with various ions. 

Acetic Acid, U.S.P., is a solution containing between 36 and 37 per cent of 
acetic acid. 

Diluted Acetic Acid, N.F., contains about 6 per cent CH3COOH. It is 
Used as an antidote for alkalies. 

Sodium Acetate, N.F., and Potassium Acetate, N.F., are used mainly as 
alkaline diuretics and to counteract acidosis. Sodium acetate, given intra- 
venously, has a very low toxicity. In rats, the nutrition is not impaired by the 
Consumption of concentrations up to per cent, but at levels of H per cent 
nutrition is impaired. This explains the effects and risks in using vinegar for 
the treatment of obesity 

Propionic Acid (Propanoic Acid), CH 3 CH 2 COOH, has become of medicinal 
importance because of its useful fun^cidal property. Although the free acid 
may be used to treat fungus infections, its salts, such as sodium, calcium, potas- 
sium, and copper, are preferred for they are more easily handled and are odorless. 

Propionic acid may be prepared by (a) oxidation of propanol or ( 6 ) fermenta- 
tion, using Proptonibaclerium on a number of substrates such as hexoses, pentoses, 
lactic acid, or glycerol. In the absence of carbon dioxide, glycerol is converted 
in good yields to propionic acid. It is a water-soluble, clear, corrosive liquid 
\vith a characteristic odor 
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Sodium Projjionatc, N.F. (Mycoban), Cn 3 CH 2 COONa, occurs as trans- 
parent, colorless crystals with a slight odor characteristic of the fatty acid. It 
is deliquescent in moist air. It is vciy soluble in water (1:1) and soluble in 
alcohol (1:24). 

It is used as an cfTectivc agent in conjunction with the free acid in the treat- 
ment of fungus infections such as athlete’s foot. The propionate-propionic acid 
mixture is reported to be only slightly better than the undecylenatc-undecylenic 
acid mixture. 

Stearic Acid, U.S.P., is a mixture consisting chiefly of palmitic acid, 
CH 3 (CH 2 )uCOOH, and stearic acid, CH 3 (CH 2 )i 6 COOH. It is obtained for 
commercial use by the hydrolysis of fats with superheated steam or the saponifi- 
cation of fats with alkalies. 

0 

C 1 I 2 — 0— c— (CH2)«cn3 

0 C1I*~0H 

^ I 

CH— 0— C— (CHj)«CH 5 4- 3NaOH CH— Oil -f 3CH3(CH2),COONii 

0 CHj— OH 

CHj— 0— C--(CHj),CHj 

The free acid is obtained by acidifying a solution of the .sodium salt. It is a 
solid, white, waxlike crj'stallinc substance which is insoluble in water but soluble 
in organic solvents. It melts at about 55* and congeals not below 64®. Since 
fats arc composed of glycerides containing such acids as oleic, linoleic, stearic, 
palmitic, and myristic, the official stearic acid is contaminated with the.sc 
acids. 

Slearic acid, U.S.P., is used in the preparation of suppositories, ointments, 
vanishing creams, and other cosmetics and stearates. 

So<Iiiim Stearate, U.S.P., is prepared by neutralizing stearic acid with 
sodium carbonate. It is a white powder with a soapy feel and tallowlike odor. 
It dissolves slowly in cold water or alcohol but is freely soluble in hot solvents. 
Aqueous solutions are strongly alkaline. It is used in the preparation of some 
ointments, suppositories, creams, and cosmetics. 

Zinc Stearate, U.S.P., is prepared by reacting equivalent quantities of so- 
dium stearate and zme acetate in an aqueous solution. The precipitated zinc 
stearate is filtered off, washed, and dried. It is a white, fine, soft, bulky powder 
with a slight characteristic odor. It is neutral in reaction and melts at about 
120®. It is insoluble in water. 

It is used alone or mixed with other substances as a mild astringent and anti- 
septic in ointments and dusting powders. Inhalation causes pulmonary' inflam- 
mation 
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The rails ot the tatty nchls C 13 to Ci« lire rallocl soaiis; this is particularly 
true of (he so<lmm, potaraium, ami amine rails. They are used for their surfaoc- 
active am deterBent properties. Tliey may he prepared from the acid amt ap- 
propriate hasp, hut usually they are ohtained by the alkaline hydrolysis of lots, 
os .shown. The soap ohtained in this manner is rarely the salt of a single add'. 


cii,o— con 
I 

CUO— con' -f-.1N'oOH 
cn,Q— con" 

F.t 


cn,on 

I 

CtlOlI + 

I 

ClliOII 


fnCOONa 

•f 

U'COOXa 

■f 

' !l"COON!i 


Nevertheless the eharacler and «jual»ty of tJio 8 ou]> U determined by the grade 
and quality of the fat. Thus CastUe soap is made from olive oil; laundrj' soap 
IS rnade from darker fata. 

Hard Soap, N.F., is a sodium salt of aeids having an acid value 185-203 
and an iodine number 83-02 It is mctl in Camphor ami Soap lAnimcnl, A’.F 
and in DcntiJHce, N.F. 

Medicinal Soft Soap, U.S.r., is a potas.«ium soap obtained by the saponi- 
fication of vegetable oils other than coconut and palm kernel oils, and nithout 
removal of the glycerol. It is used in Mtdtctnal Soft Soap lAiiimenl, U.S.F. 

rhe zinc and sodium ssalts of stearic acid Imve already been mentioned. The 
‘^‘ts of the alkaline earth and licavy metaU are insoluble; yet some of tljcm find 
pharmaceutical application as mdicatctl in Uie accompanying summuo’- 


Soap 

l<*ad olcate 
Aluminum olentc 
Magnesium olttatc . 

^pper olcate 
stearate 

Mercury oleale . . 
Copper soaps 
Aluminum soaps 
Cadmium soaps 
2inc, nickel, cobalt, and 
chromium soaps 


Uses 

, Ointmenia and plasters 
. Oil thickener 

. Dry rleaning of silk goods to prevent fires caused by static 
rfectrjcMy when mthdmwing goods from the bath 
. Medicinally to treat ulcers, etc. 

. Dusting powdi-rs 
Antiseptic dusting powder for wounds 
Insecticide and fungicide, paint for ship bottoms, etc. 
Lubricant, polishing mixtures, e g , floor polbsh 
Waterproof paper, concrete, etc 

Waterproof paper, canvas, and leatJier 


rOLYB\SIC ACIDS 

of the dicarboxylic acids are found in nature; others are prepared sjm- 
hetically by standard methods and are important in chemical industry Thr* 
ower members of the dibasic acid series with the carboxyl groups at the termi- 
uafa of aliphatic chains are given m Table Xlll 
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TABLE XIII 
DiCAnooxYUc Aqds 


Structure 

Name 

Melt- 

ing 

Point 

•c. 

1 Boil- 
! ing 

1 Point 

•c. 

Spcclfir 

Gravity 

DLssociation Constanta 



^1 

^1 

COOH 

1 

COOH 

Oxalic, 

ethandioic 

189 

— 

2.0 

is.s X lO-'i 

! 


/COOII 

CH< 

^coon 

Malonlc, 

propantllolc, 

mcthancdi- 

carboxylic 

iss.c 



1.77 X10-* 

4.37 X l0-< 

CHi— COOH 

1 

CHr-COOH 

Succinic, 

butandioic, 

cthancdi* 

carboxylic 

tS5 

235 

1.6G2 

[7.311 X 10- 

4.60 X 10*' 

.COOH 

(CH,)< 

^COOH 

Glutaric, 

pcntandloic 

97.6 

304 

I.IOI'*' 

'4.0 X10-* 

5.34 X 10-' 

.COOH 

ICH,)/ 

^COOH 

Adipic, ' 

hexandioic 

ISI 

2C5,„ 

■ 

3.9 X10-* 

5.29 X 10-' 

.COOH 

N:ooh 

PjracHc, 

hcptandloic 

10.1 

272, « j 


3.33 X 10-* 

X 

0 

.COOH 

(CH,),/ 

XOOII 

Suberic, 

octandioic 

140 

279, „ 

— 

T 

0 

X 

0 

1.71 X 10-* 

XOOH 

(CH,)< 

XOOH 

Azelflic, 

nonandioic 

100 5 

100 

1.029 

2 82 X 10-* 

4.04 X I0-‘ 

/COOH 

{CHO.C 

XOOH 

Sebacic, 

decandioie 

127 

299.5, „ 

- 

2.8 X 10-* 

- 


The dicarboxylic acids, except for oxalic acid, arc metabolized for the most 
part, and they have practically no physiological action. 

Oxalic acid and most of its salts are local irritants and corrosives. Internally, 
it is readily absorbed and in sufficient doses produces oxalate poisoning by re- 
moval of the calcium from the blood and tissues ns the insoluble calcium oxalate. 

Cerium Oxalate is a mixture of several oxalates composed primarily of cerium 
and other closely related elements such as neodjunium, praseodymium, and 
lanthanum It has been employed against the vomiting of pregnancy. Since 
it is not absorbed, it is nontoxic even in lai^e doses. It is of questionable value. 
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UNSATURATED ACIDS 

Compounds containing both the carboxyl group and unsaturated bonds pos- 
sess the properties characteristic of both functional groups; i.e , the one does 
not exert any particular modifying effect on the other. 

The lower-molecular-Aveight unsaturaled acids cause hemolysis of the red cor- 
puscles.® Acrylic and oleic acids cause such hemolysis when injected into the 
blood stream. An analogous hemolytic effect is observed both in vivo and in 
vitro with dimethyloxythiolerucic acid, C 2 iH 38 (CH 2 ) 20 H-COSH, which has 
been isolated from pure cultures of staphylococci. 

The unsaturated Cig acids, oleic acid, CnHsa-COOH, linoleic acid, CitHsi* 
COOH, and linolenic acid, CjTHad-COOH, are dietary essentials, possessing 
vitagenic properties that were once associated with vitamin F 

Undecylcnic Acid, U.S.P., is a product composed mainly of undecylenic 
acid, CH2=CH(CH2)8C00H, and small amounts of oleic and stearic acids It 
is prepared by the vacuum distillation of castor oil, whereby the ricinoleic acid 
present in the glyceride undergoes fission to give n-heptaldehyde and undecylenic 
acid. 

CH*(CH 2 )sCHOHCHiCH=CH(CH,),COOH 

CH,(CHi)(CHO + CH2 =CH(CHi)*COOH 

It is a soft, opaque mass or a yellow liquid with a characteristic odor It is al- 
most insoluble in svatcr, but it is soluble in alcohol, chloroform, ether, benzene, 
and fixed oils. It congeals between 21 and 22“ 

Undecylenic acid is one of the more potent of the fatty acids used as a fungi- 
static agent, It is applied topically as a solution or emulsion in concentration 
not to exceed 10 per cent. Local application occasionally produces irritation. 

Zinc Undccylcnatc, U.S.P.» is an amorphous white powder resembling zinc 
stearate. It is practically insoluble in water and in alcohol. Zinc undecylenatc 
alone or with other fungistatic agents such ns undecylcnic acid or salicylanilide 
is used for certain fungus infections. Such proprietaries as Zincundccate, N.N M., 
and Zincundesal, N N.R , are examples of products that contain zinc undccy- 
Icnate and are used because of their fungistatic activity 

Oleic Acid, U.S.P., CH 3 (CH 2 ) 7 CH=CII(CH 2 ) 7 — COOH, is found as the 
glyceride in practically all vegetable and animal fats Chicken fat contains 
much oleic acid Human-fat, bccf-tallow, and pork-liver lipids contain isomers 
of oleic acid, with the same iodine values but lower melting points. 

It ii obtained by saponification of fats or oils with sodium hjdroxide and 
liberation of the free acid from the salt by acidifying with sulfuric acid. The 
impure acid is then treated with lead acetate to form the lead salt which, being 
ether f-oluble, is extracted with ether. After removal of the ether tlic rc.siduc is 
acidified to liberate the free acid. Ranum olcatc is then preparctl, and the salt 
is purifie<l by reciystallization from alcohol The pure oleic acid is obtainc<l by 
treating the salt with sulfuric acid 

'Okolovaml Aniljiinyan. lorre*!/ 4» N** lOO (1935). C.A .32,C31J (ItOS) 
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The acid is a pale yellow to a brownish yellow liquid. On exposure to air it 
absorbs oxygen and darkens. When strongly heated in air it is decompased 
with the production of acrid vapors. It is almost insoluble in water and is 
miscible with alcohol and fixed oils. 

Oleic acid is used in pharmacy primarily for the preparation of oleates, see 
soaps, page 147. 

Sodium Psyllinle, the salt of the liquid fatty acids obtained by the hydrolysis 
of the oil from the seeds of Plantago mala, commonly known as Indian Plantago 
seed, is used in Sodium PsylUate Injection, N.F.; the iodine number for the acids 
is not less than 130, and the acid value I30-1C0. 

Sodium Morrliualc i.s prepared from cod liver oil. Sodiwn Morrhuatc In- 
jcclion, U.S.P., is used as a sclcrasing agent. 


AROMATIC ACIDS 

In aromatic acids the curhox}'! group Is attached direetb' to an aromatic 
nucleus. 

Benzoic Acid, U.S.P., CeHs— COOH, was first discovered in gum benzoin 
in 1008 and isolated by Schecic from urine in 1785. Its constitution was cstab* 
lished by Liebig and Wohler, 1832, in their classical researches. It occurs 
naturally in gum benzoin, in a resin known in Peru ns dragon’s blood, in tolu 
balsams, in castoreum, and in cranberries; it is found in hippuric acid as the 
amide linked with glycine, CoHaCONHCH 2 COOH. It may be prepared by the 
oxidation of toluene, of benzyl alcohol, or of benzaldchydc. It may be obtained 
also by the hydrolysis of bonzonitrilc, CcHsCN; and by the Friedel-Crafts reac- 
tion of phosgene on benzene. It h obtained commercially by the hydrolysis of 
benzotrichlorido and by the decarboxylation of phthnlic add, as sho^\’n. 

C.HiCHi C.H.CCI, — > CiHiCOOH 

^ (Cr witN other iHflnN) 

CeH^CCOOH), > C,HiCOOII 

Benzoic acid forms white crj'stals, usually as scales or needles, which sublime 
at moderate temperatures It is usually odorless or may have a .slight odor of 
benzoin or benzaldehyde It is insoluble in cold water (1:275) and .soluble in 
warm water (1 :20) It is very soluble m alcohol and soluble in fixed oils. 

Benzoic acid has about the same antiseptic activity as phenol, but in concen- 
trations above 0.1 per cent it is likely to produce local irritation. Its irritant 
action and also its germicidal activity are reduced on its conversion into salts. 
It has a very low systemic activity and fatalities are unknown. 

Healthy men receiving 0 3 g daily for two months, then 0 6-1.0 g. daily fm 1-2 weeks, 
and then 4-6 g daily for shorter periotls of time show ed no deleterious onoct®! 

Benzoic acid and all aromatic acids and their analogs, c g , cinnamic acid, cjulnic 
acid, etc , are e.xcieted m conjugation with glycine m the form of liippuiic acid. 
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It ran be demonstrated that the liver and kidneys, as ell as many other organs, 
take part m the hippuric acid syntheas. Sodium benzoate injected intraven- 
ously can be used to test the function of the liver. In normal, human liver 
function benzoic acid is converted into hippuric acid; a determination of the 
amount and rate of excretion mca.surcs the functional activity and may be used 
to diagnose liver damage. 

The Jilppuric add e.tcretion in the normal man averages about 0 7 g per daj' and anscs 
from the benzoic acid naturally present in foods or formed during metabolism. 

Liuge doses of benzoic acid increase the elimination of uric acid It has an 
antirheumatic action similar to but weaker than that of salicylic acid. 

It is used externally as a mild antiseptic in ointments, lotions, and mouth- 
washes. Internally it is irritating to the stomach and therefore usually is ad- 
ministered in the form of its salts It may be used as a food preservative but 
Ihc sodium salt is preferred. 


halogenated acids 

Halogenuted acids have the properties of the carboxyl group and also of char- 
acteristic halogenated compounds. Types of some of these compounds are 
illustrated in Table XIV. 

TABLE XIV 


HAtOQCKATED ActDS 


Formula 

Name 

Melting 

Point 

•c. 

Boiling 

Point 

•G. 

Specific 

Gravity 

lomzation 

Constant 

cn,— COOH 

CICn,— COOH 
CliCH— COOH 

C1,C— COOH 

BrCHtCOOH 

ICIIjCOOH 

CNCHr-COOH 

ClIjCII,— COOH 

Cllr-CIICI— COOII 

ClCII,CIIr-COOU 

Acetic 

Chloroacetic 

Dichloroacetic 

Trichloroacetic 

Bromoacetic 

lodoacetic 

Cyanoacelic 

Propionic 

a-Chloropropionic 

^l-Chloropropionic 

16 6 
61 2 
10 

57.6 

50 

82 

66 

-22 

61 

118 I 
189 5 
103 5 
195.3 
208 
dec. 
108(1 
141.1 
18G 

204 

1 049 

1 563 

1 617- 
1 934 

0 992 

1 307 ! 

18 X 10-* 
1.55 X 10-* 

6 X 10-* 

2 X 10-‘ 

1.3S X 10-* 

7 5 X 10-* 

3 7 X 10-' 

1 34 X 10-* 

1 47 X 10-* 

8 6 X 10-* 

.Cl-o 

C.H< 

^COOH 

c>CblorobeazDic 

140.7 


1 

1 

xCl-m 

c.h/ 

^COOH 

OT-ChlorobeDK^c 

164.9 


i 


CUp 

c.H<; 

^COOII 

P-Clilorobcnxolc 

1 

211.5 
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Sometimes the introduction of a halogen atom into the carboxyl-bearing mole- 
cule increases the acidic properties; c.g., trichloroacetic acid ionizes to a degree 
comparable ^^^th that of the stronger inorganic acids. In the aliphatic acids, 
this modifying effect of the halogen on the carboxyl decreases ns the halogen 
and the carboxyl become further removed from each other (compare o- and 
/?-chloropropionic acids, Table XIV). The halogenatcd benzoic acids ionize to 
a greater degree than docs the unsubstituted acid. 

One other property is the increase in lability of a halogen in a position beta 
to a carboxyl group. The a-halogen acids arc very stable; e.g., in a-chloropropi- 
onic acid, the chlorine atom is bound very firmly and not easily removed; but 
in the ^-halogen acids, the halogen atom is removed with comparative case as 
hydrohalogen acid; thus ^-chloropropionic acid loses hydrogen chloride with 
comparative readiness to form acrylic acid. 

Fluoroacetic Acid, FCH 2 COOH, is one of the rare examples of a halogenatcd 
organic compound found in nature, appearing in "Gifblaar," Dichapctalum 
(ChaUlctia) cymosim (Hook) Engl., one of the most poisonous plants of South 
Africa.’’* Its sodium salt, "1080” or "icn-clghty,” is an excellent rodenticidc.* 
This extreme toxicity stands in marked contrast to tiic safety of, say, dichioro- 
difluoromethaRO (page 22). Tlic compound is so toxic because it is enzymati- 
cally converted into a fluorotricarboxylic acid which interferes \rith tlic vital 
tricarboxylic acid cycle at the citrate stage.’® 

Dichloroacctic Acid, CI 2 CHCOOH, is another of the rare Imlogonated or- 
ganic compounds occurring naturally as an amide in chloromycctin, page 495. 

Trichloroacetic Acid, U.S.P., CCI 3 COOH, consists of colorless deliquescent 
crystals, very soluble in water 1 :0.I and readily soluble in alcohol. It is tlic most 
corrosive of the halogenatcd organic acids. It is used externally for the removal 
of warts, etc., either as such or in strong aqueous solution. The dichloroacctic 
acid is not so corrosive, and it is often used for the same purpose as the trichloro- 
acetic acid. 


valenc, 3S0; a-bromoisovaleric, over 2000. The 0-halopenated niul the a-halogcnatcd 
branched-chain acids have lower toxicity “ 


Iodine Derivatives of the Fatty Acids 

A large number of iodine derivatives of the fatty acids have been introduced 
as medicinal agents. Some of them are relatively pure acid derivatives and 

’ Marais, On^iersiepoortJ^. T'ei Sa j4nimaZ/twi ,20,67 (1944). 

* Klmgensmith Science, 102, 022 (1945) 

* Kalmbach, Science, 102, 232 (1915) 

Peters. Wakelin, and Buffa, Proc Roy Soe (London), B140, 497 (1953), C A., 47, 3979 
(1953) 

•' Morrison, J. Pharmacol , 86, 330 (1946) 
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others are iodized fatty oils. In all the derivatives, the iodine is added to the 
double bond across unsaturated linkages of the fatty-acid portion of the molecule. 
Most of the iodine addition products of the fatty acids and oils are unstable in 
the presence of light and air, rapidly darkening in color and losing some of their 
iodine. They are rapidly decomposed by alkalies. 

The iodized fatty acids and thdr salts and the iodized oils have an activity 
similar to that of the inorganic iodides. They pass through the stomach and 
are absorbed from the intestines like other fats and become deposited in the 
lipoid tissues. The fatty acid is gradually metabolized, liberating iodine in 
the form of iodides, so that a uniform concentration of iodides is maintained 
over a longer period of time than is obtained with the inorganic iodides. They 
are extensively used in prophylaxis against goiter. 

The iodized acids, oils, and fats are used as contrast media in roentgenog- 
raphy. When injected in the form of emulsions or after thinning with some 
substance such as ethyl oleate, they permit diagnosis of tumors, lesions, etc. 

Calcium lodobcbcnatc, N.F. (Calioben, Sajodin, Calcium Monoiodobehen- 
ate), (CaiH 42 lCOO) 2 Ca, is a white or yellow powder, insoluble in water and 
soluble in warm chloroform, containing about 23.5 per cent iodine. This prod- 
uct is prepared from erucic acid, an unsaturated acid obtained from rape oil, 
by adding hydriodic acid across the double bond and then forming the calcium 
salt. The sodium or potassium salts, typical soaps, are not used because of their 
irritating properties The calcium salt is used as a substitute for the inorganic 
iodides and is usually administered as tablets or as the powder in capsules. 

lodostarinc (Diiodotariric Acid), C 18 H 32 I 2 O 2 , is a white, crj’stalline powder, 
insoluble in water but soluble in most organic solvent.?, containing about 47.6 
per cent iodine. It is administered in the form of tablets ns a substitute for the 
inorganic iodides. 

Oridine, N.N.R., is the calcium salt of the iodized fatty acids obtained from 
cottonseed oil. It contains about 24 per cent iodine and is administered in the 
form of tablets as a substitute for the inorganic iodides. 

Stearodinc (Calcium lodostearate), (Cn3(CH2)7CHl(CH2)8COO]2Ca, is the 
calcium salt of iodized stearic acid. The product is prepared by treating oleic 
acid with hydrogen iodide and then forming the calcium salt. It is u-^cd ns a 
substitute for inorganic iodides and is administered in the form of tablets. 

Iodized Oil, U.S.P. (Lipiodol), is an iodine addition product of vegetable oil 
or oils containing about 10 per cent iodine. It is a thick, viscous oil. It de- 
composes on exposure to air and sunlight and becomes dark brown in color. 

It is used as a substitute for tlie inorganic iodides and as a contrast mwUum in 
roentgenography and is administered in tablets or by injection 
Lipiodol Rndiologiqiic Ascendant, N.N.U., is an iodized poppy-secrl oil 
containing about 10 5 per cent iodine It h a j-ellow oily liquid, insoluble in 
uatcr, which decomposes on c\po«urc to light and air It Ls administered by 
injection ns a contra-st medium in roentgenography 

Io4lobras«id, N.N.R. (Lipoiodine, Upodinc, Ethyl Dii(xlohra.s.sidate), CH3- 
(CH2);Cincni(Cn2)uCOOCjH5, « a white crj’stalline product without odor 
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or taste which is prepared by treating the ethyl ester of brassidic acid with two 
atoms of iodine. lodobrassid is used as a substitute for inorganic iodides and 
as a contrast medium for roentgenolo^c work. 

Riodine, N.N.R., is a solution of an iodine addition product of castor oil in 
oil, containing about 17 per cent iodine. It is made by treating castor oil with 
HI. It is used in the form of pearls (small pills) as a substitute for the inorganic 
iodides. 

HYDROXY ACIDS 

Hydroxy acids have tlie properties of the hydroxyl and carboxyl groups. A 
hydtoxyl group substituted in the a-pasition of a fatty acid increases the acidic 
properties to a slight extent. For example, the dissociation constant for propi- 
onic acid at 25® is 1.4 X 10“®, and for lactic acid, CH 3 CHOHCOOH, it is 
1.38 X 10~*. A hydroxyl group in the ^-position has little influence on the 
carboxyl group, but the carboxyl group labilizes the /3-hydroxyl to sucli an ex- 
tent that it readily splits out water to form the c(,/3-unsaturated acid. 

The 7 - and 5-hydroxy acids readily lose one molecule of water to form inner 
esters which are five- and six-nembered heterocycles (see lactones), knoim as 
7 - and 5-lactoncs, respectively. 

Lactic Acidy U.S.P. (a-Hydroxypropionic Acid), is a mixture of lactic acid, 
CH 3 CHOHCOOH, and lactic anhydride. It was first identified by Scheele in 
sour milk. Lactic acid is found in many foodstuffs, e g., buttermilk, ndne, cheese, 
sauerkraut, etc. 

Technically, it is obtained by the fermentation at 50® of molasses, whey, or 
corn sugar with cither Lactobacillus delhrUckii or bulgaricus. Since the acid 
formed is toxic in high concentrations to the organisms, lime or chalk is added to 
the mixture to neutralize the acid formed. Yields up to 60 per cent are obtainable. 

Lactic acid is a colorless or usually yellowish, syrupy liquid. It absorbs water 
on exposure to moist air and decomposes when heated at normal pressure during 
distillation. Lactic acid is miscible with water, alcohol, and ether. Solutions 
are acid to litmus. 

L-Lactic acid, known as sarcolactic or muscle lactic acid, increases in the 
muscle as a result of work; part of it is metabolized and a part is reconverted 
into glycogen. The acid plays a very important role in the process of muscle 
contraction. 

Lactic acid-producing organisms and products containing them came into general use 
after Metehnikoff advanced the theory that autointoxication is brought about by in- 
testinal putrefaction and that the r— ..-j ..1 v— j v-: u_..* «/'n. 

ditions as arteriosclerosis and pre 
isms, according to Metchnikoff’s 

acid-producing bacteria such as Bacillus bulgaricus in the intestinal tract. 

The products used are: (1) milk soured by Lactobacillus acidophilus and (2) 
broth cultures of L acidophilus converted into concentrates and used in the 
form of solutions or candied products. Usually, these products contain about 
100 to 500 million living organisms per gmm or cubic centimeter at the time of 
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manufacture and about half this amount at the expiration date. The exact 
manner in which these preparations act is not known; they probably act by 
altering the intestinal flora so that the fermentative lactic-acid type predomi- 
nates. The action seems to be due primarily to the organisms since the ad- 
ministration of purified lactic acid is without value. 

Lactic acid is quite caustic in concentrated forms and thus needs to be diluted 
for use. It is added to infants’ formulas to aid digestion and to decrease regurgi- 
tation. It is also used as a spermatocidal agent and m the preparation of lac- 
tates. 

Mandelic Acid (Racemic Mandelic Acid) is prepared commercially by react- 
ing benzaldehyde with sodium bisulfite, and the resultant product is reacted 
with sodium cyanide to give mandelonitnlc. The nitrile is hydrolyzed with 
hydrochloric acid to give Di/-mandehc acid, as shown. Mandelic acid occurs as 


C,H,CHO C.HiCH^ 

\ 


SO.Na 


OH 

- 

\ 

CN 

M«ndeloni(rile 


C.HiCHOHCOOH 


Xfandclie bckI 


a white crystalline powder which gradually darkens and decomposes on e,xpo&ure 
to light. It has a slight aromatic odor. Solutions are acid to litmus 


The use of mandelic acid in therapy originated after it had often been obser%’ed that 
patients with uncontrolled diabetes were quite free of infection of the upper unnary tract 
’ !•« « 1. — TV-c. observation that urine 

ding in the laboratory 
' tract infections. The 

factor responsible for the bacteriostatic effect was found by lulier ” to be ^-hydroxy- 
butyric acid /3-HydroxybutjTic acid cannot be administered by mouth to ^produce a 


iiiomum rhlonclc, the aiuiiiuuium ciuuiiuu uuiig i.u 

0 * 1 . j __,r This ha<< bccnovcrrome hy (he 

I ’* ' ■ P, and methenamine mandcl.itc, 

1 rlilondc to secure urine acidity, 

. of the m.andcl.ite .salts, arc ad- 

ministered orally,’with careful control of the pH of the unne, for their bacteriostatic and 
* * s..— fl r^vstitis. nvclithl of the unner 


active than mandelic acid in i-ilro 

" ImwI, 1, 855 (11)35) 

"Lancet, 1, 1032 (1935) 

'V Am. Med .4m«, 107, 1791 (1930) 
Am Chem Sec . 60. 1015 (1938). 
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Calcium IVIaudcIatc, U.S.P. (C 6 H 6 CHOHCOO) 2 Ca, is prepared by reacU 
ing a solution of a soluble calcium salt mth sodium mandelate. Calcium man- 
delate occurs as a white, odorless crystalline compound which is slightly soluble 
in water and insoluble in alcohol. 

Being quite insoluble in water, calcium mandelate produces less gastric irri- 
tation than the sodium or ammonium salts. It is hydrolyzed in the gastroin- 
testinal tract to liberate the acid which is absorbed and excreted in the urine. 
It has the same systemic effect as does mandelic acid. 

Tartaric Acid, N.F. (Dihydroxj^Ccinic Acid), HOCO — CHOH — CHOH — 
COOH, is present in many fruits, particularly in the grape. It is obtained from 
the wne lees or argol as a by-product of vinous fermentation as the cnide po- 
tassium bitartrate. Tartaric acid occurs as colorless crystals or a fine crystalline 
powder which is stable in air and is odorless. It has an acid taste. It is very 
soluble in water and alcohol and forms insoluble salts with such ions as calcium 
and ferric. 

Tartaric acid was the first compound on which Pasteur made his study of optical 
activity. He observed that at 27® there was a spontaneous separation of the enantio- 
morphous sodium antimony tartrates into the d- and the L-salts. He also discovered, 
with tartaric acid, the biochemical method of separation of optical isomers, the mold 
Penicillium glaitcum destrojnng the n-component. Pasteur further discovered the method 
of resolution of d- and L-tartaric acids by conversion into the cinchonine salts and separa- 
tion of the diastereoisomers. 

The official tartaric acid is not used as a medicinal agent, but it is used in 
the manufacture of a number of salts of importance, e.g., salts of alkaloids and 
of effervescent salts, and for its flavor in beverages. 

Potassium Bitartratc, N.F, (Hydrogen Potassium Tartrate, Cream of Tar- 
tar), KOCO — CHOH — CHOH — COOH, consists of crystals having a slightly 
acid taste, soluble in water about 1:102. Administered usually in solution, it 
acts as a saline cathartic. 

Potassium Sodium Tartrate, N.F. (Rochelle Salt), KOCO — CHOH — 
CHOH — COONa, is a white powder or colorless crystals, soluble in water about 
1 :0 9, formed when potassium acid tartrate is neutralized ^vith sodium hydroxide 
or carbonate. Administered in solution in water as such or in Compound Effer- 
vescent Powder, N.F., it is used as a saline cathartic. 

CH 2 COOH 

Citric Acid, U.S.P. (Hydroxytricarballylic Acid), HO — C — COOH, is one 

I 

CH 2 COOH 

of the most widely occurring natural acids, and biochemically it is indispensable, 
playing a vital role in the Krebs metabolic cycle as well as in the photosynthetic 
processes. It was first found in the juice of citrus fruits, and it is present in 
many other fruits. It is obtained commercially for the most part by the fer- 
mentation of sugar solutions with various molds, e.g., Aspergillis niger or Citro- 
myces pfefferianus. 
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Citric acid occurs as colorless, translucent crj'stala or a white crj’stallinc powder 
^\ith a strongly acid taste. It is efflorescent in the air, very soluble in both alco- 
hol and water. Aqueous solutions arc unstable. As a ^-hydro-Ny acid it readily 
loses water to form aeonitic acid, an un‘«aturatcd tricarboxylic acid. The citrate 
ion is useful in preventing discoloration of solutions of tannin containing iron. 
It forms precipitates with strontium and calcium. 

Citric acid is used as a flavor, eg , as a practical substitute for lemon juice 
in Syrup of Citric Acid, US.P. 

In therapy a salt rather than the acid is used. 

Sodium Citrate, U.S.P., Potassium Citrate, N.F., and iMagnc'^ium Cit- 
rate arc salts crj’stalUzing with var>dng amounts of water, ond, being readily 
•soluble, are used in the form of aqueous solutions to secure the effects of the 
respective metal ions. All of them act as antacids, as diuretics, and as laxatives. 
Sodium citrate is also used in making Anficoa^Hfant Sodium Citrate Solution, 
U.S.P., and in the preparation of Citraled Whole Human Blood, U.S.P. Magne- 
sium citrate is the chief ingredient in Magnesium Citrate Solution, N.F., used 
as a pleasant tasting, effective, saline laxative. 

Kicinolcic Add (12-Hydro\y-9-octadccenoic Acid), Cn3(CH2)5CHOHCH2- 
CHa=CH(CH 2 ) 7 COOH, an unsaturated, hydroxy, open-chain carboxylic acid, 
constitutes about 80 per cent of the fatty acid portion in the glycerides of castor 
oil. The acid has a strongly laxative action when taken into the alimentary 
tract. 

Sodium nicinoleate, N.N.R. (Soricin), is the sodium salt of the fatty acids 
from castor oil. The product is a white or slightly yellow, odorless or almost 
odorless powder. It is soluble in water and in alcohol. The aqueous solution 
is alkaline. Sodium ricinoleate is used as a sclerosing agent for the obliteration 
of varicose veins. 

For lexmlinic acid, a keto acid, see calcium levulmate, page 516 


Cyclic Hydroxy Acids 

Animal bile on hydrolysis affords an acidic fraction composed of a mixture of 
steroid acids collectively known as bile acids. These are dcrii’wf from the parent 
cholanic acid, which m turn is structurally denved from coprostane The four 
principal constituents are (1) lithochloic acid, 3ct-hydroxycholanic acid, (2) 



CoprotUac 


Cboluic acid 
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clienodesoxyclioHc acid, 3a,7Qr-dihydroxychoIanic acid, (3) desoxycliolic acid, 
3a,12Q:-dihydroxycholic acid, and (4) cholic acid, 3or,7a,12a:-trihydroxycholanic 
acid. The stnictiircs are as 



H H 

Ijthocbolic add Chmod^toxyeholie add 



D«MxychoIi« acid Cbohc acid 


These acids occur in the bile in pcptidclike linkage with citlier glycine or 
taurine as water-soluble sodium salts and then are known as glycocholic or 
taurocholic acid, respectively. 

C!jH„(OH),CONHCK,COOH Cs,H„(OH)jCOOH + NIIiCHiCOOH 

Glycocholic acid Ciiohc and Glycine 


C 23 H 38 (OH)jCONHCH 2 CHsSOjH 

Taurocholic acid 


CijHj,(OH).COOH + NH,CH,CH;SO.H 

Cholic acid Tatirinr 


The bile acids are used in therapy in the form of their sodium salts. They 
are usually prepared from ox bile. The dried bile is extracted ^nth absolute 
alcohol, and the dissolved bile salts are precipitated by the addition of ether. 
The resinhke precipitate becomes crystalline on standing. The glycocholate 
and the taurocholate can be separated by the addition of lead acetate to an 
aqueous solution of the sodium salts. Lead glycocholate is precipitated, and lead 
taurocholate can be obtained from the mother liquor by the addition of lead 
subacetate 

The bile salts are the chief active constituents of bile. They are used along 
with resinous cathartics to increase the efficiency. They are believed to aid in 
the emulsification of fat and aid in fat absorption The bile salts also stimulate 
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‘‘f'rrrtioiis by tho livrr. Iblc kiUs uliirb tnnsi><t of mixturos of tho Kodium niUs 
of tbp l)ilp jirids from ox blood aro doscril»o<l in X.X.U. The salts are tho main 
pon'^tituonts of Or liilr Kitrafl, X.F. mio**o prodnris are usually administered 
in the form of tablets or capsules. 

I)e}»j<lror!iolir Arid (Derliolln) is (he 3,7,1 l-(rikc(o derivative of cholanic 
arid. It is a white to weakly Rmyish yellow, fluffy ponder which is vco’ slightly 
soluble in water and slightly soluble in nlcohnl and glacial acetic acid. It is 
used n.s a eholerctic, producing an inerea-xe in the output of bile with dccrea.scd 
viscivsity and inereasisl water rontenl. It usually is administered ns tho sodium 
salt in (ablet fonn or in solution by injection. 


Aronintir AeiiU 


Moth o- and j>-h\dro\yl)enjoic acids may l)e Hvnthcsized by an adaptation 
of the KoU)c .synthesis, in which a sdt of phenol is he.ated under pres-surc with 
carbon dioxide, as indicated in the accompanying equations 



>ONu 4* CO. 




COONa 

SvIiiiTTi (fthrytalf 



)OK + ('Oi 


H(] 


COOK 


rot»w>iHr> 
f>4>>dr«iyb»n>oal* 
(lorfxur* (••ce i7S) 


Siiheyhe acid and clo'cly related compounds present a simple illustration of 
the obscure rclationsliips that exist between chemical constitution and physio- 
logical activity Phenol is practically inactive, and benzoic acid has been Bhown 
to be somewhat effeetive in the treatment of acute joint rheumatism, but less 
effective than salicylic acid, whereas phtlialic and cinnamic acids arc completely 
ineffective. 



The activity of salicylic acid as an antirfacumatic is completely lacking m the 
and 7 )-derivatives 



Salicylic «ii'l m U>dto»>b*''*o*c kcid jj-Iljdroxybenioic icid 

o-Hjdroi>hen*oic «cid 
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The higher homologs of salicylic acid are shown, of which the 7 >-compound 
is the most effective, are somewhat less active than salicylic acid in the treatment 

COOH j^^^^'jp-COOU IIjC— 

OH OH 

CHj 

o-Cresotic acid m-CrCN)t«r acid p-Crwotic arid 

of acute joint rheumatism. It appears that the hydroxyl and carboxyl groups 
in ortho position arc essential for maximum activity. 



Sniicyintes 

The value of numerous derivatives of salicylic acid, c.g., acctylsalicylic acid, 
methyl salicylate, and diplosal, which behave qualitatively like salicylic acid in 
acute joint rheumatism, depends partly on the salicylic acid liberated from them 
and partly on their lipoid solubilities and also on other unknown factors. 

Salicylic acid and many compounds derived from it produce marked antipyretic and 
analgesic effects and give icliof in rheumatic fever and rheumatic tonriIiti>». The different 
compounds are qualitatively alike but quantitatively different in action. Tlic gastric 
irritation and unpleasant taste of salicylic acid and Its simple salts led to the introduction 
of less soluble compounds, c g , esters. It was believed that these compounds would pass 
through the stomach unchanged, and thus avoid the nausea caused by salicylic acid. It 
was found that they do pass through the stomach largely unchanged, but the nausea, 
probably of central origin, remained. The alkyl esters, e g., methyl salicylate, arc ab- 
sorbed better through the skin and have advanhigcs for external use. The ncyl esters, 
e g., acotylsalicylic acid, arc more strongly antipyretic and analgesic. The phenyl esters 
arc antiseptic. 

Replacement of the hydrogen of the hydroxyl group in salicylic acid by acyl 
i-adicals yields compounds that are less soluble in water, ha\T3 a less objection- 
able taste, and a stronger antipyretic and analgesic action than the salicylate 
salts. Salicylic acid and other antiseptics act by displacing pantothenic acid 
from the protein molecule.'® 

Compounds formed by the replacement of the hydrogen in the carboxyl 
group of salicylic acid are more readily absorbed from the skin and are better 
for external use than salicylic acid. 

Salicylic Acid, U.S.P. (o-Hydroxybcnzoic Acid), is the most important of 
the three hydroxybcnzoic acids. It was first discovered by Piria in 1839. It is 
found in the blossoms of Spiraea vlmaria, and its methyl ester is the chief con- 
stituent in oil of wmtergrccn. 

Salicylates arc readily absorbed from the upper intestinal tract, acetylsalicylic 
acid being absorbed somewhat more slowly; they spread rapidly through the 
tissues Seventy to 80 per cent is excreted through the kidney as free acid or 
as a conjugate with glycine (o-hydroxyhippuric acid) or with glucuronic acid 

IvaDovics, Nalurmssenscha^ten, 30, 104 (1012), C A , 37, 227 (1943) 

Alpen, Mandel, Ilodwell, and Smith, J Pharmacol Exptl Therap , 102, 150 (1951). 
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Salicylic acid occurs as white, needlelike crystals or as a fluffy, u hite crj'stal- 
line powder which has a sweetish followed by an acrid taste. It is stable in air. 
Salicylic acid displays the characteristic properties of phenols, such as the forma- 
tion of violet color with ferric ions and the formation of colored compounds, 
likely quinoids, by oxidizing agents or on standing in alkaline solution. Insoluble 
salts are formed wnth heavy metals such as silver, mercurj', lead, etc , by virtue 
of the presence of the carboxyl group. It reacts with boric acid to form boro- 
salicylic acid. 

Salicylic acid and its compounds produce marked antipyretic and analgesic 
effects and give striking relief in the symptoms of acute articular rheumatism. 
The free acid is an antiseptic, an active irritant, and a slow corrosive; it is use<I 
in Salicylic Acid Collodion, U.S.P., and Salicylic Acid Plaster, U.S.P., as a corn 
remover. 

Ammonium Salicylate, N.F., is a white, microcrystalline powder or color- 
less, lustrous prisms or plates, which is prepared by evaporating a slightly acid 
solution of salicylic acid and ammonium hydroxide. Its salts are stable in dry 
air but it is affected by light It is very soluble in water and alcohol. It is used 
primarily for the internal administration of salicylic acid. 

Sodium Salicylate, U.S.P., is a white, microcrystallinc powder or it may 
have a pinkish tinge, The product is prepared by reacting equimolar quantities 
of salicylic acid and sodium bicarbonate. It has a faint characteristic odor wth 
a sweet saline taste. It is soluble in water, alcohol, and glycerin. In solution 
it will darken on standing which may be lessened by the addition of sodium 
sulfite or bisulfite Free salicylic acid is precipitated in an acid solution. 

It is used for acute articular rheumatism and for its analgesic-antipyretic 
effect. It is usually given vith sodium bicarbonate to lessen gastric distrejss or 
in enteric-coated tablets. The use of sodium bicarbonate is not recommended 
for it has been reported '* that it decrease.^ the salicylic acid plasma level and 
increases the amount excreted in the urine. 

Strontium Salicylate occurs as a white, colorless crj“stalline powder, which 
is prepared by reacting 1 mole of strontium carbonate wth 2 moles of salicylic 
acid. It has a somewhat sweet, salty taste. The salt is affected I»y light. It is 
verj' soluble in water It is used, as otlicr salicylic acid salts, for its salirylie 
acid content. 

Acctjlsalicjlic Acid, U.S.P. (Aspirin), was .synthe-ued by fierhanlt many 
years before it was introduced into therapy by Drc^er in 1899. It is prepared 
by the acetylation of salicylic acid with acetyl chlondc in the presence of pyridine 
or with acetic anhydride Since the latter method is less c.xpcn«=ivo, it h the one 
generally employed industrially In this procos.s, Ralic> lie acid is lieatcxl at 150- 
ICO® with an excess of acetic anhydride for 3 hr and then the excess of acetic 
anhydride and the acetic acid formed in the reaction are distillc<I off in taeuo. 
and the residue is recrj-stallircd from bentene or other solvent. The reaction 
can be carried out at lower temperatures if a promoter Rueh as Milfurir aeiil i> 
added. 

"StnUh, Slnlt, andOgOrtalcU.J i’harmafot Kti-tl TArrap. 117, 337 (I'Mf.) 
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CHs— C=0 

a COOH "X 150-1G0' 

OH / 

CHj— C=0 


-COOH 




Acetic anhydnde 


Aeetylaalicylte acid 


It is a white, crystalline solid. The melting temperature of acetylsalicylic acid 
is influenced by the method of heating the melting-point bath. The official 
product should melt at 135® or above when the determination is made in a 
bath previously heated to 130®. It is soluble about 1 :300 in water and 1 :5 in 
alcohol. 

Acetylsalicylic acid is stable in dry air, but, in the presence of moisture, it 
gradually hydrolyzes into salicylic and acetic acids. It is soluble with decom- 
position in alkali hydroxides and carbonates. 

Acetylsalicylic acid, generally sold under the name Aspirin, is probably the 
the most extensively used analgesic and antipyretic at the present time. In 
1946, for example, nearly 10 million pounds were prepared in the United States 
alone. It is used in tablets, as a powder usually enclosed in capsules, and in 
admixture nith other substances in many pharmaceutical preparations for the 
treatment of colds, influenza, and other fevers, and of headache, neuralgia, and 
other pains. The sodium salt is used for the same purposes as the free acid. 

The in vivo hydrolysis of acetylsalicylic acid has been studied in the rat after 
intravenous administration. More than 90 per cent was hydrolyzed in 30 to 
40 minutes. After oral administration unhydrolyzed acetylsalicylic acid was 
found in the plasma within 30 minutes and persisted for about two hours '* 

Soluble Aspirin is the calcium salt of acetylsalicylic acid, (CH 3 COOC 6 H 4 - 
COO) 2 Ca. It is a white, crystalline powder, soluble 1 :5 in water. 

Novaspirin (Salicitrin, Methylene-citiylsalicylic Acid) is the disalicylic acid 
ester of anhydromethylene citric acid. It is prepared by condensing the dichlo- 
ride of anhydromethylene citric acid with salicylic acid. 

It is a white, crystalline powder, m.p. 153-154", practically insoluble in water 
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'* Routh, Knouse, and Paul, Ptoc. /ou’aAeotl.Sci., 62,268 (1955); <7 A , SO, 3620 (1956). 
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but soluble in alcohol. Novaspirin is used a.s an analgesic and antipyretic and 
is similar to acctylsalicylic acid in action. 

DIaspirin, made by condensing siiccinyl chloride with salicylic acid, and 
Salisal prepared by condensing two moIccule.s of salicylic acid by means of an 
agent such as thionyl cliloride, are of interest. 



DiMpinn SiIiaKl 


Methyl Salicylate, U.S.P. (Oil of Gaultheria, Oil of Wintergreen, Oil of 
Betula, Oil of Sweet Birch), CoH 4 (OH)COOCH 3 , occurs in oil of wintergreen 
from GaxiUheria procutnbens and oil of javeet birch from Betulo lenia. It is also 
made synthetically by esterifymg salicylic acid uith methanol in the presence 
of sulfuric acid. 

o-HO— C.H.COOH + CHiOH c-HO— CtH,— COOCH, 

Methyl eaheylate 

It is a liquid, bp. 219-224% slightly soluble in water and readily soluble in 
alcohol The synthetic methyl salicylate and that from Betula arc optically 
inactive, but that from Gaulthena is slightly levorotatory 

Methyl salicylate has been used internally for the treatment of rheumatism, 
gout, pleurisy, neuralgia, etc. It is about two-thirds as toxic as sodium salicylate, 
and the effects are often delayed. Possibly the slow action is caused by irregular 
absorption It is used externally for the most part as a counterirritant, usually 
in solution in fatty oils or in the form of a liniment. It is also used as a flavor 
in many pharmaceutical preparations and as a perfume, e.g., in insecticides. 

Ethyl Salicylate (Sal Ethyl), C 6 H 4 (OH)COOC 2 H 6 . the ethyl ester analogous 
to methyl salicylate, is a liquid, b.p. 230-232% insoluble in water but soluble in 
alcohol. It has the same uses as methyl salicylate but is reported to be less 
toxic and less irritant 

Spirosal (Monoglyrol Salicylate, Glysal), C6H4(OH)COOCHjCH20II, is the 
salicylic acid ester of glycol. It is an oily liquid, distilling at 1G9-170® at 12 
mra., slightly soluble in water, but readily soluble in fi-\ed oils. Spirosal is used 
for the same purposes as methyl salicylate but is said to cause leas local irrita- 
tion when applied with friction 

Mesotnn (Salmester, hlethoxymethyl Salicylate) is prepared by treating 
f-odium salicj’lato \rith monochlorodimethyl ether and maintaining the temper- 
ature at 40®. 

noCjH^COONa -f- CICHjOCHj -* HOC.H^COOCHjOCH, -f NaCl 
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It is an oily liquid, b.p. ISS® at 15 ram., slightly soluble in water, but readily 
soluble in alcohol and fixed oils. 

Mesotan is used externally like methyl salicylate as a counterirritant to relieve 
pain and swelling, especially in rheumatic conditions. It is not an efficient agent 
for the production of the systemic action of the salicylates. 

Sal Ethyl Carbonate is the carbonic acid ester of ethyl salicylate, [C 6 H 4 - 
(C00C2H5)0]2C0. It is a white, crystalline solid, m.p. 96-99®, insoluble in 
water and slightly soluble in alcohol. 

It possesses the antipyretic and analgesic action of the salicylates. Being 
insoluble, it does not have the disagreeable taste and does not cause gastric 
irritation like the soluble salicylates. It is administered in tablets alone, or, 
when rapid analgesic or antipjTctic effects are desired, in combination vith 
amidopyrine. 

Phenyl Salicylate, N.F. (Salol), is a white, crystalline powder with a slightly 
aromatic odor and a characteristic taste, m.p. 42°, practically insoluble in water 
(about 1:6700) and soluble in most organic solvents. It can be prepared in 
various ways: 

1. By heating salicylic acid at 230°, when CO 2 is eliminated from one molecule of acid 
and the resulting phenol condenses Tvith the remaining salicylic acid 

2. By heating equimolar quantities of salicylic acid and phenol with phosphorus oxy- 
chloride, 

HOC.H.COOH + CiH.OH HOC.H.COOCiH, 

Salicylic acid Phenol Phenyl ealicylate 

3. By condensing the sodium salt of salicylic acid and sodium phenoxide with carbonyl 
chloride and steam-distilling the reaction product, 

HOC«H*COONa + CsHaONa + COCU -* HOC,H4 COOCbH6 

Sodium salicylate Phenyl salicylate 

Phenyl salicylate is excreted often unchanged in the feces. Its decomposition 
in the intestines is so slow and incomplete and the absorption of the phenol 
liberated is so rapid that effective germicidal concentrations are not established. 
It is used in diarrhea caused by intestinal fermentation, but Its action is doubtful 
because of variability in its degree of hydrolysis It has been used for enteric 
coating of pills. It is usually administered as the powder in capsules or cachets. 
Compressed tablets and pills of it do not disintegrate readily. 

Gallic Acid (3,4,5-Trihydroxybenzoic Acid) is found in nutgalls, where it 
appears as a component of gallotannin. It is described as a reagent in U.S.P. 
XV. Bismuth Subgallate, N.F. (contains between 52 to 57 per cent BiaOs), is 
used as an astringent, antacid, and protective in the treatment of gastric ulcers 


ACID ANHYDRIDES 

Cantharndin is the active principle occurring in two species of insects, namely, 
Canthandes or Spanish flies from the dried beetles of Cantharis vesicaloria and 
Mj’Iabris or Chinese cantharides from the dried beetles Mylahris phalerata or 
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cickorti. Cantliarides contains from 0.4 to 1 per cent of cantharidin, and 
the Mylabris contains from X to 1.5 per cent. It consists of colorless crj'stals, 
m.p. 218®, which begin to sublime at about 85®. It is slightly soluble in water, 
alcohol, and most organic solvents. 

o 

CHall 

O 


Canlktndm 

Ue'<ahydro*3a.7o-diin»lhyl-4 7-»|K»tjflKnTOfuron-l J'dion^ 

Cantharidea is a powerful vesicant and irritant. It is used in the form of the 
phsier and the cerate, for counterirritation in rheumatic, neuralgic, and pleurisy 
pains, etc. It is sometimes used in the form of a tincture in the hope of stimulat- 
ing hair growth in baldness. Taken internally it is toxic. 



PIITIIALEINS 

Phthaleins are compounds obtained by the condensation of phenols with 
phthalic anhydride. A general equation illustrates their method of synthesis. 



Ph(hi]ic »nhydnd« Ph«»ol 



Ph»notphlha!«in 


Phenolpbth«l»ta. X » II 
PhTnolt^trarblorophtbalnii, X > Ci 
Te(nbrofnopb«nophthal«D. X = lir 

Pb'Mlt^rai^opliihAletn X *■ I 


Phenolphthalein is used as a laxative. Other compounds of the phthalein type 
are used in medicine primarily as diagnostic agents 

Phcnolphthalein, U.S.P., is prepared by heating a mixture^ of phenol and 
phthalic anhydride m the presence of zinc chloride at 115® to 120 . It is a white 
or slightly yellow, crystalline solid which dissolves in alcohol 1:15 and in solu- 
tions of alkalies but is practically insoluble in water. 

Phenolphthalem may exist m two tautomeric forms, the one colored and the 
other colorless. The form predominating depends upon the pH of the solution 
This tautomerism is structurally represented on page 1C6. The color change 
takes place at pH range 8 3 to 10, making this an indicator sc^itive to low hydro- 
gen-ion concentration, i e , useful for titrating weak acids with alkali. 
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Phenolphthalein is a mild, tasteless purgative used extensively to treat con- 
stipation. It is dissolved in the small intestine by the aid of bile salts. Its 
action is attributed to motor stimulation of the intestines. Eighty-five per cent 
of the dose is excreted in the feces, and of the remaining 15 per cent some is 
excreted in the urine. It is used in tablet form or in combination with other 
laxatives, e.g., mineral oil. It i.s a common ingredient of many exploited prepa- 
rations. 

The yellow, impure form of phcnolplithalcln is> about tlnoe times us active 
as the colorless product. At one time the greater laxative activity was attributed 
to the presence of hydroxyanthraquinonos, but it has been sliown that such 
contaminants are not present. The greater la.xative property of the yellow form 
remains unexplained 

The purgative action of phenolphthaleins is ascribed to the group (HO— 
C 6 H 4 ) 2 =C=. Confirmation of this hypothesis is found in the obsen’ution that, 
in general, compounds containing such a grouping, e.g., Isacen and Istizin, 
possess purgative activity."-^ The glycosides of the hydroxyanthraqiiinone.s 
contain the same grouping. 


OCOCHs OCOCH, 
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“ Hubacher and Doernberg, Am Pkarm Assoc, 37, 2U1 (1948). 
** Kaufman, Z angew Chem , 40, 831, 858 (1927) 

” Eas&on el at , Quart J Pharm and PAanjiacoZ , 7, 609 (1934) 
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Phenoltctracliloroiilillialcin «-as first studied pharmacologically by Abel 
aird Hountree and was introd.rccd by Rountree and his collaborators, Whipple 
and Jlarsliall, in 1913, as an agent to test liver function It is an odorless 
-table cream-white powder, practically insoluble in water, and readily soluble’ 
m acetone, alcohol, and ether, prepared by condensing fetrachlorophthahc acid 
"’itn phenol. 


Phenoltetrachlorophtlialcm is used to test the functional activity of the liver 
hy a method perfected by Rosenthal (1922) For this purpose it is administered 
intravenously in the foi m of its disodium salt. The normal liver rapidly remove,s 
16 je from the blood, but when the liver function is impaired the dye is le- 
nuned slowly, the rate depending on the degree of impairment. 

Sulfobromophthaloin Sodium, U.S.P. (Bromosulphalein Sodium, Di- 
sodium Phenoltetrabromophthalein Disulfonate), is a product developed by 
White in 1924 as u substitute for phenoltetrachlorophthalem in 
6 determination of hepatic function. It is prepared by sulfonation of tetra- 


OH OH 




bromophenolphthalein. It is a white, crystalline powder, readily soluble in 
"ater, alcohol, and acetone. The amount remaining in the blood after intra- 
venous injection is determined colonmctrically and considered as a measure of 
nepatic function in the same manner as phenoltetrachlorophthalein. It has the 
advantage that only 0 002 g. per kg. of body weight is required for the test, 
whereas 0,005 g per kg of body w'eigbt of phenoltetrachlorophthalein is required. 

Fhentetiothalein Sodium (Tetroiodophenolphthalein Sodium, Disodium 
Phenoltetraiodophthalein, Iso-iodeikon) was introduced for roentgenologic e\- 
aniination of the gall bladder and to evaluate hepatic function simultaneously. 
It is prepared from tctraiodophthalic anhydride and phenol and occurs as bronze- 
purple, hygroscopic granules 

It is claimed to be better suited for intravenous injection than lodophthalnn 
‘Sodium because (a) smaller dosage may be used, (6) it is better tolerated, and 
(c) both gall bladder and liver function may be determined simultaneously on 
one injection. 

lodophthalein Sodium, U.S.P. (Tetraiodophenolphthalein Sodium, Tetra- 
lodophthaloin Sodium, Tctiothalein Sodium, lodeikon), was introduced through 
die investigations of Graham, Cole, Gopher, and Moore in 1923, for the x-ray 
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visualization of the gall bladder. It is pieparcd by iodinating phenolphthalein 
in alkaline solution. It is a violet, odorless, slightly hygroscopic, granular solid, 



soluble in water and slightly soluble in alcohoL 

Soluble iodophthalein is used for the roentgenologic examination of the gall 
bladder and for the test of liver function. After intravenous administration, 
it appears in the normal gall bladder in sufficient concentration to cast a shadow 
to the roentgen rays, and, when the liver function is impaired, it is retained in 
the blood. The determination of the amounts retained in the blood is used to 
measure the e.\tent of liver impairment. 

Fluorescein Sodium, U.S,P. (Soluble Fluorescein, Resorcinolphthalein So- 
dium), is a compound prepared by condensing resorcinol with phthalic anhydride 
in the presence of a dehydrating agent such as zinc chloride or sulfuric acid and 
converting the product to the sodium salt. The quinoid form in which fluorescein 


0 


/■ OH 



O 


Phthalip aii!iyUri(l.» Rp'ornnol 



FUioffscem wjdium 


exists as the disodium salt is an orange-red powder which dissolves readily in 
water to form fluorescent solutions Upon treatment with acids, the quinoid 
tautomer is destroyed and the fluorescence disappears, 
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“ diagnoslic agent in ophthalmologic work. A 

gre^andd hT “? ‘•'■e stained 

Snc/,1 “PP™ ’» “ 8«™ ri"K io® of substance from the 
conjunctHa is indicated by a yclloiv coloration. 

1001^7°'™'^“?*“';“!':"’ “ P'-t'-"'™ "Wol- "'oy be 

oked upon as phcnolphthalcm in which a C=0 group has been replaced by an 
m.lf ®™“P'. “ prepared by heating saccharin with phenol in the presence of 

uric acid. It IS a red, crystalline powder which is relatively insoluble in 

^C==0 \ — OH 

\n+ : 

's=0 H — ^ OH 



^05t solvents, but it dissolvrs m alkali solutions m'th the formation of a red 
Co Or. The color change may be explained by a tautomeric shift as m phenol- 
Phthalein. 

Phenolsulfonphthalein is employed as a diagnostic agent to determine the 
functional activity of the kidney. The test is based on the fact that the mono- 
fiodium salt of phenolsulfonphthalein injected intramuscularly or intravenously 
Js excreted by the unne m a shorter time interv’al n’hen the kidney function is 
normal than it is when deficient functional activity exists The quantitative 
determination of the amount of phenolsulfonphthalein e.\croted in the urine 
roakes possible the estimation of the degree of functional deficiency. 


ESTERS 

Esters of Aliphatic Acids 

The esters of the aliphatic acids comprise a very large group of compounds, 
which, nith few exceptions, are unimportant as medicinal agents Administered 
internally, they give some of the acti\uty of the component parts of the respective 
esters but only to a slight degree since th^ arc slowly hydrob'zed. 
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The esters of the organic acids are generally insoluble in water, soluble in 
ether, benzene, petroleum hydrocarbons, chloroform, etc. The lower, volatile 
members of the series have a pleasant odor and often arc present in the natural 
fruit essences, as reference to Table XV will show. 

TABLE XV 

SoMB ESTBIia 



Itoiluig 
Point or 


Formula 

Name 

Melting 

Point 

“C. 

Comments 

HCOOMe 

Methyl formate 

i 

31.8 

Probably docs not oc- 
cur naturally. It i$ 
quite toxic. 

HCOOEt 

Ethyl formate 

54.3 

Used in artidcul rum 
or arak. 

CHiCOOEt 

Ethyl acetate | 

77.1 

Used as industrial sol- 
vent. 

CH,CH,CHjCOOEt 

Ethyl butyrate | 

1 

121.3 

Constituent in pine- 
apples 

CHjCOOCHiCHiCHMei 

Isoamyl acetate j 

! 

142.5 

Found in pe.ar oil. As 
synthetic b.anann oil 
it is used as solvent 
for gun cotton and in 
bronzingliquid. 

McCHCHjCO 

1 

Isoamyl Isovaler- 
1 ale 

104 

Found in apples. 

OCHiCHsCllMc, 




CH,CH,CH,COO(CII,),CH, 

Amyl butyrate 

184.8 

Apricotllkc odor. 

CH,COO(CH,)7CHi 

Octyl acetate 

— 

Found in oranges. 

Me,CHCH,0 

1 

Isobutyl 

salicylate 


Occurs in orchid per- 
fume. 

OC— C.H,— OH-o 




MejCHCHjCHjO 

1 

Isoamyl salicyl- 
ate 

273 

Occurs in orchid per- 
fume. 

oc— c«H«— on 




RleO— OC— Cai«— OH-o 

Methyl salicyl- 
ate 1 

223 3 

Oil of n intergrccn. 

MeOOC— C«H<— NHrO 

Methyl anthra* 
nilatc 

135» 

Occurs naturally in oil 
of neroli and in jas 
mine flowers. Used 

1 as grape odor. 

Me(CH,)uCOO(CH,)i»Me 

Cetyl palmitatc 

ra p.54 

Chief constituent of 
spermaceti 

Me(CH,)uCOOCCH,)«Me 

Myricyl 

palmitate 


Chief constituent of 
beeswax. 

Me(CH,)*iCOO(CH»)MMe 

Myricyl ccrotato 

^m.p 72 

Chief constituent of 
camauba wax, Chi- 
nese waxes, etc. 
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Esterification of the carboxyl group in acids yields odoriferous compounds 
that are extensively used in perfumery and in the preparation of artificial flavors, 
e.g., ethyl formate (essence of ram), isoamyl acetate (pear oil), ethyl butyrate 
(pineapple oil), isoamyl isovalerate (apple oil), and a mixture of ethyl butyrate 
and amyl acetate (banana oil). Many other artificial essences are prepared by 
blending esters together and adth other aromatic compounds such as aldehydes 
and ketones. 

Acetic acid esters occur very extensively in nature. Plants apparently utilize 
this acid to detoxify many substances such us alcohols and phenols. Reference 
to the constituents of the volatile oils indicates in part the occurrence of acetic 
acid in such combinations. 

The esters of the aliphatic acids with most of the liydroxyl compounds arc 
considered under the respective hydioxyl compounds because they are closely 
related in physiological activities to the alcohols from w'hich the esters arc di*- 
nved. In general, it may be said that an aliphatic acid combined with an active 
alcohol or phenol detoxifies the hydroxyl compound by decreasing the concen* 
tration of active component present at any one time through gradual hydrolysis 
of the ester. If the ester is sufficiently stable, the hydroxyl compound may be 
completely inactivated. 

Many esters of the higher straight-chain normal alcohols with the longer 
straight-chain aliphatic acids occur in the natural waxes and are of commercial 
importance. These waxes, whose chief function in the plant seems to be to pro- 
vide protection cither against penetration of water (e.g., as in the leaves of the 
evergreen and in the skin of fruits such as the plum or grape) or against loss of 
water by evaporation in hot dry climates, and perhaps against fungal invasion, 
on hydrolysis form monoliydrie alcohols and monobasic carboxylic acids. The 
acids which are found in waxes include palmitic (n-CisHsiCOOH), ecrotic 
(^-CjsHsiCOOH), melissic (n-C 2 oH 59 COOH); and among the alcohols are found 
cetyl (n-CjoHaaOH), cerjd (n-CjcHsaOH), and mclissyl or myricyl (H-CaoHaiOH). 

Many esters of polyhydric alcohols have been inlroduccfl commercially for 
Use as hydrophilic ointment bases, emulsifying agents, dispersing agents, w etting 
UKCnts, detergents, etc They arc cmploywl c.vtcnsively in plmrmaceutieal, cos- 
metic, insecticide, and other industries to alter the sfnbilit}', miscibility, .spreada- 
hility, consistency, penetration, etc., of products. Manj' of the commercial 
products are not pure compounds but consist of mixtures. Some typical com- 
pounds arc: dicthyleno glycol monolaurale, propylene glycol stearate, glyceryl 
monostoarate, and mannitol oloatc. 

^Vhitc 'Wax and Yellow Wax, U.S.P. (nceswnx), conM‘<t mostly of a mixture 
of the esters of primarj’ alcohols containing from 21 to 31 carbon atom chain-* 
osterified with fatty acids containing from 21 to 31 carbon atom cliairw together 
"ith paraffin hvdrocarbons containing 25 to 33 carbon atom chains, some free 
noi<ls, and alcohols The natural wax is yellow, m p about (Ij*; when bicaclied, 

‘t yields white l)ccswax It «s u'«l as a protcctiw in the form of cerates, wbirb 
^•'ly be inedicatotl, and to raise the melting point of ointments and various 
crxsmeiie products. 
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Spermaceti, U.S.P., is obtained from the head of the sperm whale, m.p. 
about 42-50°, and it is almost pure cetyl palmitato. It is used to raise the melt^ 
ing point of pharmaceutical and cosmetic products such as ointments and creams. 

Glycerjd Triacetate, N.F. (Triacetin), is prepared by heating a mixture of 
glacial acetic acid and glycerin. It is a colorless, oily liquid wth a slight fatty 

Clh— OH CH 2 — OOC— CHj 

I ! 

CH— OH + 3CHa— COOH -*> CH— OOC— CHj + 3HsO 

[ I 

CHj— OH OHj— OOC— CHj 

odor and a bitter taste. It is soluble in water and in alcohol. 

It is used in pharmacy primarily as a solvent for chlorazodin. It is being 
employed to prepare stable, nonirritating solutions of barbiturates which can 
be autoclaved. 

Glyccrj’l Rlonostearate, N.F. (Monostearin), CH 2 OHCHOHCH 2 OCOC 17 - 
H 3 S, is the monostearyl ester of glycerol. The official product contains traces 
of the di- and tri-ester. It occurs as a white, wa-xlike solid, beads, or flake. It 
dissolves in hot solvents such as alcohol and mineral or fixed oils but it is insolu- 
ble in water. It may be dispersed in hot water by the addition of a small amount 
of soap or a surface active agent. 

It is used in pharmacy primarily as an emulsifying agent and a stabilizer for 
ointments. 

Carbonic acid esters of the phenols have been extensively used. Whereas 
the phenols are irritant, to.xic, and unpleasant-tasting compounds, the carbonic 
acid esters are insoluble and nonirritant. When administered, they are hydro- 
lyzed and gradually liberate the phenol in the intestinal tract. Since the con- 
centration of the phenolic substance is not great at any one time and is dis- 
tributed throughout the intestine, the irritant and toxic effects are almost en- 
tirely eliminated. 

The carbonic acid esters are insoluble in water but soluble in alcohol and ether. 
They are usually administered as the powder in capsules or tablets and have 
the same uses as the phenols from which they are derived. 

Creosote Carbonate (Creosotate) is a mixture of carbonates derived from 
the various constituents of creosote. It is prepared by treating an alkaline solu- 
tion of creosote with phosgene. It is a colorless or yellowish, viscid liquid which 
is immiscible in water but miscible in alcohol and fixed oils. 

It is used as an intestinal antiseptic and as an expectorant. It produces less 
gastrointestinal irritation and nausea than creosote. 

Chaulmoogric acid and hydnocarpic acid were shown by Power to be the chief 
constituents of the fatty oil obtained from the seeds of various trees of the 
Taraktogenos and Hydnocarpus genus. The oil from these seeds had been used 
since antiquity in India against leprosy Prolonged treatment of patients with 
the impure oil, administered by mouth, could not be carried out because of its 
irritant action. Efforts to overcome this irritant action resulted in the prepara- 
tion and general use of ethyl chauhnoograte and ethyl hydnocarpate prepared 
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from the respective purified acids. The product most generally used is a mix- 
ture of the ethyl esters of the acids obtained from chaulmoogra oil. 

Ethyl Chaiilmoograte is a clear, pale yellow liquid, insoluble in water but 
soluble in alcohol, chloroform, and ether. It i*; compo.sed of compounds such as 
those shown 


=cn CH= 

^CH— (CHi),.— COOCiH, j 

-CH, CHr 

Kthyl eh>ii1iiiooeratc 


=CH 

\ 

CH— (CHj),o— COOCtHs 

/ 

-CH: 

Ftliyl hydnofurpste 


The esters are usually administered alone or admixed with cod hv’cr oil or 
other medicaments. They arc often given by mouth and by intramuscular 
injection. 

Numerous other compounds closely related to the unsaturated acids found in 
chaulmoogra oil have been studied. These have not proved superior to the 
natural fatty acids as agents for the treatment of leprosy. 

Pyrethrins are constituents that occur in Dalmation insect flowers, Chri/san- 
themum cinerariaefohum. Staudmger and Ruzicka ” isolated two active prod- 
ucts to which they assigned the structures indicated. They are effective in- 
secticides. 

CHj 


CH:=^CH— CH=CH— CH 2 — 
0 =' 



CH:=CH— CH=CH— CH 


FyTPlbnn II 

Succinate, the 

crystalline ponder, stable in air, insoIaWe in traier 
■■ «d... C^in.. A«a. 7, 177, 210, 212, 236, 2.6, 377, 106. tlS (1921). 
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chloroform, and fixed oils. It is reported to be a nontoxic, nonhabit-forming 
antispa&modic. It lowers the tonus of smooth muscle. It is used to treat dys- 
menorrhea, intestinal colic, angina pectoris, renal and biliary colic, asthma, and 
other disturbances caused by spasm. It is usually administered in the form of 
tablets. 

CH2CO— OCHs— CsHj CH— CO— OCH2— C«H& 

1 II 

CH2CO— OCHj— CgHs HsC*— CHjO— OC— CH 

Beniyl eneriiiate Bentyl fumarato 

Benzyl Fumarate, the dibcnzyl ester of fumaric acid, is an almost tasteless 
solid. Its properties and uses are similar to those of benzyl succinate. It is 
usually administered in the form of tablets. 


Esters of Aromatic Acids 

Benzyl Benzoate, U.S.P., occurs n.aturally in Peru balsam and in some 
resins. It may be prepared synthetically from benzoyl chloride and benzyl 
alcohol. It is a colorless liquid with an aromatic odor and n burning taste, in- 

CbHjCOCI -H HOCHjC.Hs CelUCOOCHjCelU + HCI 

Dentyl bentoste 

soluble in water, soluble in alcohol and most organic solvents It is mildly 
anesthetic and is sometimes incorporated into ointments or dissolved in oil for 
the treatment of skin diseases. It has been \ised as an antispasmodic but is 
said to be inefficient During World War II benzyl benzoate was employed in 
the tropics as an effective “miticide,” a poison against the mites which abound 
in warm climate.s. 

Guaiacol Benzoate (Benzosol) is a colorless, practically tasteless powder, 
insoluble in water but soluble in most organic solvents. It is prepared from 
guaiacol and benzoyl chloride. It is used as an antiseptic expectorant, as an 

o-CHaOCsHiOH -f- CbHsCOCI -* C*HtC00CBH40CIIj-o + HCI 

Guaiacol bencoate 

intestinal antiseptic in diarrhea, and to relieve cough in pulmonarj' tuberculosis 
It is usually administered as the powder in capsules 

Bctanaphtliol Benzoate (Benzonaphthol) consists of colorless, tasteless 
crystals, m p 107-110®, insoluble m water but soluble in most organic solvents. 
It is used as an intestinal antiseptic in diarrhea and dysentery and as a vermifuge. 
Externally, it is used in 3 to 10 per cent ointments as a parasiticide in the treat- 
ment of alopecia, scabies, eczema, etc 

The esters of salicylic acid are dcsciibed under salicylates. The aliphatic 
esters of p-hydro\ybenzoic acid (the synthesis of the acid is indicated on page 
159) are more commonly knorni as the parabens, compounds with useful bac- 
teriostatic and mold-mhihiting pioperties** 

“Bandelm, Drug A CoimetiC Ind , 61, 430 (1949J. 
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Metlijlparabcn, U.S.P, (Methyl p-Hydroxybenzoate, Tegosept M, l^Icthyl 
Parasept, I^Iethylbcn), p-HOCsH^COOCHs, is a slightly water-soluble, cmtal- 
line powder. Jt is employed a.s a preservative in pharmaceutical preparations. 
Concentrations of 0.0.) and 0..'j per cent arc used in Hydrophilic Ointrnent, U.S P. 

Propylparaben, U.S.P. (Propyl p-Hydroxybenzoate, Tego.sept P, Propj'l 
Parasept, Propylben), p-HOCeHiCOOCHiCHaCHa, a white powder or color- 
less cjystals, slightly soluble in water, is reported to be about four to six times 
as effective as methylparaben. It is preferred to molds and, because of greater 
solubility in oil, is used in oil and fat pieparations. 

Tannins include e.stcr types that on hydrolysis usually yield gallic acid ns 
one component. 


Chemically the term tannin ineludes all compounfU passessing the property of trans- 
forming fekins, of precipitating lime solutions, and of forming in-soluble precipitates with 
alkaloids and lead salts In addition to the ester group there is another which is related 
to anthocyanine and flavonc. 


The ester group of tannins includes depsides, which are esters of aromatic 
acids with oxyarotnatic acids. A typical example of a didepside isolated from 
natural sources is Iccanoric acid Another is galloylgallic acid. Glucogallin and 
Haznemehtanni’u are examples of tannins that hydrolyze to gallic acid and u 
carbohydrate. 



Leesnone sci<l 

0 

II 

CH— 0— C— C,H,(01I). 

/I 

0 (CHOH)J 

\l 

CH 

I 

CH.OH 


Ghi'ossll.n 



m-Galloylgallio acid 


0 

HO CH,0— C— C.H.(Ofl), 

C— OH 

n'^j CHOH 
O-CH o 

I I' 

CHiO— C — C«Hj(OH)j 


■r»n„ic Acid, N.F. (G.iIlotannic Acid. Tannin), is a mixture of compotmd, 
and is prepared from nutgali-i by extraction leith outer saturated null ctlicr, 
)t is a light yellow, amorplmui, powder of strongly astringent taste, very soliililo 
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in water, alcohol, and glycerol and insoluble in ether, chloroform, and petroleum 
benzin. It is used as an astringent, hemostatic, and protein coagulant in vari- 
ous preparations such as: Tannic Acid Glycerilc, N.F., and Styptic Collodion. 

Tannic acid in the form of a freshly prepared solution has been used exten- 
sively in the treatment of burns. The solution, applied as a wet dressing or 
sprayed on, precipitates the proteins in the burned surface to form a protective 
and mildly antiseptic coating beneath which the new tissue may be regenerated. 
It has been employed internally in the treatment of diarrhea. As such, it causes 
gastric irritation and nausea. 


LACTONF^ 


Intramolecular cstcis, compounds that have formed an ester witli h^'droxyl 
belonging to the same molecule, arc knowm as lactones. In compounds where 
the hydro-xyl group is in the 7 - or the 5-position with respect to the carbox)’! 
group, these two functional groups arc in such position that they will readily 
react with each other to form an inner ester. The lactones, it unll be obser\’ed. 


CH,— CHj CHj CH* 


1 1 

\ / 

OH OH 

R 

0 

■>*Lftclone 

1 

CHj 

CH 2 — CH— OH 

/ \ 

/ 

[j 

-non 9^* 

CH. 

1 


^ CO 

CHR 

CHj— CO— OH 

\ / 


0 


{-Lactone 


are stable five- or .si\-mcmbered lictcrocycles. Thej’ show many of the proper- 
ties of the esters. 

7-Lactones derived fiom the higher acids, including 7-hepta-, 7-nono-, and 
7-imdecalactones, have pleasant odors and arc used in the perfume industry. 

The lactone portion of the cardiac glycosides (page 119 ct sc?.) is the 7 -Iactone 
of the enol form of a 7 -aldehyde-acid, as indicated. Hydrolysis of this lactone 
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1 
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I 

H OH 

OH J 

0 

OH 


Theoretical enol 


yields the theoretical enol, which readily shifts to the more stable 7 -aldehyde- 
acid; reconversion of the acid into a lactone is possible, but it involves one of 
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the hydroxyl groups in the polycyclic nucleus of the aglycon and does not re- 
generate the original lactone necessary for cardiac activity. 

Ascorbic Acid, U.S.P. (Vitamin C), was isolated in crystalline form by 
Szent-Gyorgyi from various vegetable sources and from the adrenal glands. 
Its constitution was established in 1933, and it was successfully s 3 Tithesized 
later in the same year.*® It wdely is distributed in nature, and all animals seem 
to have the capacity to simthesizc their requirements of this vitamin, except 
the primates and guinea pigs. Deprivation of vitamin C in humans results in 
deterioration of physiological functions, ending in scurvy. 

The industrial sjmthesis of ascorbic acid is shown in summarj’. 


CIIjOH CHjOH 

HO— C— H no— G— ir 


HO— C-*H 
H— C— OH 
HO— C— H 

I 

CHO 
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HO— C— H 


MiCb Attfo- 
bitter fub- 
eryian* in 
90% yi«ld 


CIIjOH 
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COOH 

1 

CO 
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y., 22. 13S7 (192b) iott ill') 

dm 16. 1010 (lOM). H.—n''- ■' ■'■■'.I™ 
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The official ascorbic acid is an odorless, white or slightly yellow, crystalline 
powder which slowly darkens on exposure to light, m.p. 189-192®. It is soluble 
in water about 1:3, in alcohol about 1:25, and in glycerol about 1:100; it is 
insoluble in benzene, chloroform, ether, and most fatty oils. It is relatively 
stable in air when dry but it deteriorates rapidly in aqueous solution at ordinary' 
temperatures. It is a strong reducing agent that is reversibly oxidized to de- 
hydroascorbic acid which is active, and it may be further oxidized to oxalic 
acid and trihydroxybutyric acid. The oxidation is hastened by alkalies and 
retarded by acids. Ascorbic acid is one of the least stable vitamins and may be 
largely destroyed in the canning of foods. 

The unit of potency is defined as the antiscorbutic activity of 0.05 mg. of 
L-ascorbic acid. Thus 1 g. of the crystalline vitamin is equal to 20,000 units. 

The daily requirements of ascorbic acid have been variously estimated as: 


Infancy and childhood 
Adolescence and maturity 
Pregnancy and lactation 
Acute deficiency 


25 to 75 mg. (509-1500 units) 

75 to 150 mg. (1500-3000 units) 
150 to 300 mg. (3000-6000 units) 
200 to 500 mg. (4000-10,000 units) 


It is used in scurvy as a prophylactic and as a curative agent. It is reported to 
aid m the healing of peptic and duodenal ulcers, trench mouth, etc., and to be 
of value in some types of urticaria. It is usually administered in the form of 
tablets. No evidence of toxic effect from very large doses of ascorbic acid has 
been reported. 

Ascorbic acid probably acts in regulating the oxidation-reduction processes 
in the living cell. Whether it takes part in enzyme formation is doubtful. Its 
biological activity is stereospecific. Various isomers have been synthesized and 
found to have little or no antiscorbutic activity; thus, L-glucoascorbic acid has 
about a fortieth the activity of vitamin C, and the i>-glucoascorbic acid fed to 
mice and rats produced conditions resembling scurvj'.*^ 


0— CO 

I 

C— OH 
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Santonin, N.F., was isolated from Artemesia mantima var. anthelminticum 
Lmn^, by Kehler and Alms in 1829, but the plant had been used since early 
^ Encyclopedia of Chemteal Technology, Vo\ 2 , Interscicnce, New York, p 159 
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tinif's as an anthelmintic. Cains and Mhaskar’* showed that santonin is defi- 
nitely effective in the treatment of infestations with ascaris, but a large propor- 
tion of the worms are only injured and not killed. Consequently, a lai^e num- 
ber of synthetic products have been made in an effort to improve the activity of 
compounds of this type. It is of interest to note that in all these compounds the 
lactone structure seems to be essential for activity.**-” The formula generally 
accepted for santonin is a eudalene type of sesquiterpenoid. 

CHj 



CH, 0 C=0 


Sanlonin 

Santonin forms colorless crystals, m.p. 170-J73*, insoluble in water but solu- 
ble in most organic solvents which become yellow on evpo.surc to light. It is 
U'cd as an anthelmintic against ascaiis, usually being administered us the 
powder in capsules. 

^Ittdian J Med. nescareh, 11, 377 (1923). 

” Oettmgen and Garcia, /. Pfiarmccol , 36, 335 (1929). 

*“ and Schapiro, i{r<h. Pftnrm (R’rtin), 272, 3t3 (1934) 


CHAPTER 
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Amines and Amine Derivatives 


AMINES 

Amines are organic compounds in which one or more hydrogens of ammonia 
have been replaced by similar or different groups to form primary, secondarj', or 
tertiary amines, respectively, depending upon the number of substituents. 
Amines of low molecular weight are gases at ordinary temperature and pressure, 
and those of higher molecular weight are liquids or solids which are soluble in 
ether. The nomenclature and some of the physical properties of some of the 
simpler amines are summarized in Table XVI. 

Amines have certain properties in common with ammonia; they give an 
alkaline reaction in an aqueous solution because they behave as proton acceptors, 
thus affording an ammonium ion and giving rise to a high concentration of 
hydroxyl ions in solution. As may be noted from Table XVI, some of the simple 
amines are more basic than ammonia, for which the ionization constant is 
1.8 X 10"®. Amines react with acids to form salts; the unshared pair of elec- 
trons of nitrogen accepts the hydrogen ion ^dth the formation of a covalent 
bond. The nitrogen-containing group thus acquires a positive charge and 
functions in an aqueous solution as a cation, which, like, for example, the cation 
of an alkali metal, unites with an anion to form a salt 

ENH, + H+ -> RNH,+ RNHjX 

R,NH + H+ -» R,NH!+ RiNHiX 

R,N + H+ -► R,NH+ ^ RjNHX 
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TABLE XVI 


Aihkes 


Molec- 

ular 

For- 

mula 

Structure 

Name 


.L,., 

"C 

Sp G 

j Dissocia- 
1 tion 
j Constant 
at 25” 

^ X 10-‘ 

CIIiN 

CH.NH, 

MetbylAmine 

-6 

5 -92 



C»H7N 

(CHOiNH 

DimeUiylamine 

7 

i -96 

C 0 680 


C,II.N 

C,H.Nn. 

Etbylaminc 

16 

5 -80 



Cilli— Nil— CII, 

MethyJcthylamme 






(CH,),N 

rnmcthybminc 

3 

-121 

0 GC2_ 



CI[,CH.OH,N-H) 

n-Propylamine 

iS ' 

-83 

0 719 


CiHuN 

(CHOiGHNir, 

r«>propylamme 

31 

-101 

2 0 691 


OH,(OHt).NK, 

n-ButyIam«nc 

76 

-50 

5 0 710 



O.HiOH(CH)NH, 

5cc-Butylamino 

63 

-101 

6 0 718 

4 4 


(CH,),OHOH,NH, 

j 

1 

C8 

-85 

0 736 

3 I 


(Cn,),CNHi 

ffrf-Bulylaminc 

43 5 

67 

0 696 



0,U,N(Ctt.). 

EUiyldimcthylaminc 







(C,H,)jNII 

Oicthylamine 

56 

-50 

0 711 

12 5 

CiHiiN 

0,H,NIICH, 

Pfopylmcthj lamino 





OII,{Citi),NH. 

n-Amylaminc 

lOI 

-55 

0 7C0 




[sonmylamino 

95 

-51 

0 803 

5 0 

C,H.,N 

Cn.N(C,H»)» 

Mcthyldiclhyl itn.nc 

63 5 



2 7 

OiI.(CH,).NlI, 

n-IIexylaminc 

128 

-10 

0 763 



(CiIDiNH 

Di-n-propyJanunc 

no 7 

-SD e 

0 738 

10 2 

C,II„N 

(C,H.)iN 

rnelhylamine 

89 6 

-114 S 

0 728 

6 4 

OH.<0[I,)iNII, 

<i-lleptylan«nc 

155 2 

-23 

0 777 

_ 

^•BuN 

C11,(CJI,),NII, 

/i-OctjIaminc 

180 

— 

0 777 




(C4H,),NII 

[)i-«-bul>Jafnmc 

161 

— 

0 767 

— 

C,H,,N 

(CADiNH 

[)j-isol»utyI.»mmc 

38 8 

-70 

0 715 

4 8 

(C,n,)»N 

rnpropylamiw 

56 

-93 5 

0 757 

5 5 

V/iiUirN 

c,n,),N 

rrii'sobm j hnuno 

91 5 

-21 8 

0 7CC 

2 6 

CHljN 


\nilinc 

81 ■] 

-0 2 

1 022 

6X10'" 

CfII,N 


>-Toluitl»ne 

aoa 7 

-21 1 

0 09S 

3X10-'" 


W-MPC.7LNIL 

T(-ToIui(iinc 

03 3 

-31 5 

0 989 

5X10-'* 


t^McCaLNIIi 

>To)uidini‘ 

■00 5 

13 7 

I 016 . 

2XI0-» 


CilI.CIIjNII, 

trnn 1 iminr 


— 

0 020 

— 


C.U,XHCIL 

tlelliylinilUK* 

95 7 

-57 fl 

0 9S0 

— 

C,qII,Nir, 

(-\iphlh>lamin(* 1 

01 

50 

J 131 ' 

9X10-" 


CiiHjNll, 

CILCJL 

^Naphthyl iminc ; 

06 ] 

no 2 

1 OCIm 

2X10-»" 

C»U„N 

CUtClU 

cn=cii 

’ipcricline ] 

95 8 


0 RfiO 1 

6XlO-> 

C.H,N 

'K > 

C«— ('» 

1 

15 oj 

-n 

) 982 2 

3X10 » 

NII.OH 

tniiu'iiKifii 

i.i> 


I 

» 
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TllK CIIKMISTIIY OF OUGANIC MICOICINAI. niODUCTS 


TJie v(>mp\ci(' rophccmcnt of oil hydroRPn nioms in tlio ommonium ion hy 
means of organic residues, e.g., as in gives rise fo the qua(ernar>' ammo- 

nium ion. Such compounds may he prepared, for example, by complete alkyla- 
tion of ammonia or an amine, as il)ustmte<] in the equations, 

HjN + Il'X = risNH'X 

lIjN -b 4RX = R^NX -f HiNIlX -f- IliXH,X + IlXIIjX 

'J'lie substituted ammonium salts, including the quatcniary, exhibit varied 
and numerous interesting chemical propertie.s. It Is iccommondcd that these he 
reviewed b}' referring to appropriate lextlwioks. 


^ll\^iolog!c:ll Art Ion 

N^o single characteristic physiological action l.s atlrihuted to simple aliphatic 
amines. Methylamine, dimothylaminc, trimcthylamine, and rthylaminc have a 
depressing effect on the central nervous system. The simple methylated and 
ethylated ammonias may produce a slight transient hypoten-sion.* Methyl, 
ethyl, propyl, and isobutylaminc adminkstcred suhcutancously to e.xpcrimcntnl 
animals at greater than fifteenth molar concentration produce acute gastric 
erosion and ulcer.* Beginning with «-propylamine, sympathomimetic properties 
appear, which reach tlioir optimum in compounds in wliich the aliphatic radical 
contains six or seven carI)on atoms. The highor-molccular-wcight aliphatic 
amines, such as hexadecylaminc, n-CiftHssXHj, and octadccylamine, fi-CisHar 
NH2, posse.« 5 .s germicidal and ano.stlictic propertie.s, neither of which is of ade- 
quate quality to justify the use of thc.«c amines in competition with better- 
ostablislicd .agents. Introduction of an additional amino group into n-nmylaminc 
at the omega carbon atom gives the stnicturc of cadaverine, a depre.ssor. With 
e3'cIohexylamine, as compaicd to n-hcxjdnminc, the plysiological rc'^ponse is 
slower in appearing but moie prolonged in duration; otherwise its activity' resem- 
bles that obtained irith open-chain compounds. Simple .secondarj’ and tertiarj’ 
amines .show spasmolj’tic properties simulating tliosc of papaverine.* 

The simple quaternarj^ ammonium silts pro<luce lilock at the sj'mpathctie 
ganglia, manj' of them competing with acot3'Ieholine for the receptors in the 
ganglion. Frequentl}* the quatcmization of a physiologicall}' active amine con- 
fers on It spasmolytic and curare-Iikc properties. 

High-moIecuIar-weight quatemar3' ammonium compounds arc useful as 
cationic detergents and antiseptics 

>Hau.sehi)d, /trc/i expll Path /’Aarwaiof . 201, 5«{M11M3). T .t . 38, 12SI 

’ Kunatake, J Biochem {Japan), 27, 405 (1038), C A , 32, 8550 (1938) 

’Barlow, Introduction to Chemtcal Pharmacology, Jolm Wiley <fe Sons, Xew York, 19oo, 
pp 164 jr 
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Simple Amities 

Tuaniinohcptanc (Tuamine, 2-Aininohcptanc), may be preparwl horn 
2'hcptanone by reductive amination by cither chemical or catalytic proccdurcy, 
as indicated. It is a colorless or pale yeHotv liquid, slightly sohibio in water 
and readily soluble in ether. 


CH,(CHj)r-CO— CHj + NH, - 


-> cut(ciuh—cn—ciu 


c»i(crr.)4— CO— CH, + HcoNiiid- ncoon ■ 


xrr, 

cih(CH,)*-cjj-cn, 
in, 

The compound behaves as a vasoconstrictor and sympatliomimelic amine. Its 
vapors are used ciTcctivcIy in acute rhinologic conditions. Cardiac patients 
should use the product \rith caution. It Is used in an inhaler device in the iorm 
of the carbonate for effective treatment of nasal conditions and in the form of (he 
sulfate, TuamiMkeplaM Sutfaie, NuV.li., in 1 to 2 per cent isotonic solutions for 
application to mucous membranes. . s o,i 

Methjlhcxaneaminc, N.N.R. (Forthanc, l,3.DimcthyIpcntylammo), Clla- 
Cllj—CJ^CIIa)— CH2*-CH(CHa)— NHj, nnalopous to 

those cmploved for tuaminoheptane, using 4-mcthyl-2'hcxanono a.s the ketone. 
Jt is a coiorIe.si or pale yellow liquid which is slightly soluble in water but soluble 
in alcohol and ether. . j 

It is a volatile sympathomimetic amine who«e salt.s pas.se5.s the netmn ami u'cs 
«f other vasoconstrictors. >rct!iyihcxancaminc carbonate is u-«l a-s an inb.nl.in 
lor its local vasoconstrictor action on the masal mucasa, ' 

in no-sal congestion. It is used as an adjunct in the Ircatmen o n 

diinilh, ftinusilw and allcrgi’. ,, , . , rn,— 

Orncthjl HvdrocUloridc (2-McthyIaminohcptane 
fCH:),CH(XItcn3)CH3-nCl, is a wntcr-soluhle, vnsoprrs^or 
^•“nded for use against the hj-po**^*’'"*®'' associated with Fpma * 

administered in aqueous Koliition intravenou-h ori- 

" “le the blood pro.viiro IS Ixjing continuously cheekwl , /mi _f’il — 

Ociln (O..Methylamin(v2-mcthyI-2-heptene), ^ 1 nnii^nasmMw 

is a colorle.^ oily liquid which 

>' ajaibblo in frohuion as the hydrochloride, in tn do ” ,v,H,lrrs whirh 
'‘DM.ihmp arid tartrate Tliose white or alnuvt »'hit l 

,v„,cr nn,l nirol.ol ,( u,,. 

‘I-'’ and it.s wlia net as prompt and pn.hmpcM rrU . ^ 

n,„w,l.nlur,. „t ll.v i:ri,il<«mn»o-, .|,,r I., 

Pnxlucl, nrr ,..«l in ^ n.ir.nl «ml ■"rllin.l .P-vm nn.l 

tms). 




I • 
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calculi or other causes; they aid materially in the passage of stones. It is used for 
irritable colon and in migraine and tension headaches. 

Cyclopentamime and propylhexedrine (page 232 ) are cyclic analogs of these 
open-chain simple amines. 


Quaternary Amnioniiim Compounds 


Tctraethylammonium Chloride (Etamon, TEA), (C2ll5)4NCl, is a deli- 
quescent crystalline product which is freely soluble in water and alcohol. 

The cation, tctraethylammonium, is effective in blocking vasomotor impulses 
to the blood vessels, producing reduction of gastric acidity and gastrointestinal 
motility and partial or complete block of impulses to structures cncrv'atcd by the 
autonomic nervous system such as the e3*e, sweat gland, and bladder. 

Bis-qualcrnary Ammonium Salts. Chou and Elio® prepared a series of 
+ + 

compounds of general structure R3N(CH2)nNIt3, in which n varied from 2 to 
13 and the R groups were either mcthj'l or ethyl. These compounds c.xhibitcd, 
as a rule, greater ganglionic-blocking properties than did tctraethylammonium, 
and of the series Hexamethonium salt showed up most favorably.* 

Ilcxamcthonium Bromide [Vegolysen, C-G, Hcxamcthylene-l,G-bis(tri- 

+ + 

methylammonium) Dibromidc), {(CH3)3N — (CH2)6“-N(CH3)3)Br2"'^, occurs 
as crystals which are soluble in water and alcohol. Aqueous solutions arc stable 
and may be autoclaved. It is compatible with procaine hj'drochloridc and thio- 
pental sodium. 

It is used in the treatment of severe hj'portcnsion, 

Decamethonium Bromide (Synciirinc, C- 10 , Dccnmethyleno-l, 10 *his(tri- 

+ + 

methylammonium) Dibromidel, l(CH3)3N — (CH2)io — N(CH3)3)Br2~*, is a 
crystalline product which is soluble in water and alcohol. Aqueous solutions 
are stable and may be sterilized. The product is compatible with procaine 
hydrochloride and thiopental sodium. 

It is a potent muscle relaxant uith properties similar to curare but free of 
histaminelike effects. It is used as an adjunct to surgical anesthesia for relax- 
ation of the muscles, in electric shock therapy, and in endotracheal intubation. 

Quaternary Ammonium Detergents and Antiseptics. A study ^ has 
been made of the relationship of chemical structure to germicidal activity in a 
series of quaternary ammonium salts of the type as shovu, where A is alkj'l, aryl» 


X CH, 

A— CHO^— 

R' CHa 


* Brit J Pharmacol , 2, 2G8 (1947) 

•Paton and Zaimis, tbt'd, 4, 381 (1949) 

^ Rawlins, Sn eet, and Joslyn, J Am. Pharm Assoc , 32, 11 (1943) 
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amines and amine derivati\^ 

o'-^utetitulodinalhyi^ 

conditions for m ^ ^ j ^ revealed the following 

contab oL L germicidal activity: (1) the cation preferably shonlcf 

thp fnf I T amlkyl group, and tn-o short alkyl groups' (2) 

sntuents on the aromatic nucleus are inferior to alkyl groups- M) hsWn 

th77o “mav h7'^' aT”" decrease'activity; (5) 

toe an on may be derived from any simple mineral or organic acid. 

quaternary ammonium salts of the type shoivn, in which n varies from 2 to 16, 


d.rV'-^ 


(CH,),— CH, 


N(CH,).SO.CH, 


are reported active against hemolytic streptococci and pneumococci.* 
Uenealkonium Chloride, U.S.P. (Zephiran Chloride), is a mixture of qua- 

f®™'''® IC.H5CH2N(CH3)2RJC1- in 
irh'fo “ sots olM groups vniying from — CsHk to — CisHj,. It is a 
te, amorphous powder which is verj’ soluble in water and alcohol. Its 
to 'litmus^° strongly when shaken, and ore alkaline 

acH •* * f^ctefsent \Wth emulsifying properties and possesses keratolytio 

naflr^'* L ^ ^'ettingand penetration of tissue surfaces. Itisincom- 

P iDle ^Vlth anionic detergents such as ordinao* soaps 

a? chloride is a germicide and disinfectant used externally in 

^^coholic and aqueous solutions in concentrations of 1:40,000 to 1:1000, For 
sterilization of surgical instruments, operating room equipment, and rubber 
prwucts, concentrations of 1 :5,000 to 1: 1,000 arc employed. 

'^'^^tlionium Chloride, U.S.P. [Phcmcrol Chloride, Bcnzyldimclhyl- 
'■^»^'trimethyI-2-pentyl)phcno\ycfIioxyctliy!ammonium Chloride Monohy- 
tej, 13 a colorless crystalline powder which is soluble in water. Solution.? 


cn, 

(cn.),ccn3-c-(/^ 

CII, 


ocii»cir,ocii,cih 


rbcmml Ztonobj-dral* 


CH, 

+N-CII,-^^.II,0 

Cl'CIIi 


^aler than 2 per cent are precipitated by mineral acids and many palls. It 
cationic detergent, and it.s action and are similar to tho<o of l>enMlkonium 
Chloride. 

^tjl I'>ridiniuiii Chloride, N.N.H. (eeo |vige3,'l8). 

mnf IIVAjfAr. Tl, 1520 (1011). C.A . as. 218 (lOIO. 
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Mcthylbcnzethonium Chloride* N.N.R. (Diaparenc Chloride), is a cat^ 
ionic detergent closely related structurally to benzethonium chloride. It has 


CHj 

I 

(CH,)3CCHj— c 


CH, 


HsC 


^^~y-OCHiCHiOCHaCHr-+N— CHg-^~~^ 


HjO 


CHj 


Cl-CHj 


surface activity and disinfectant properties similar to those of other cationic 
agents. 

Aromatic Amines and Derivatives 

Aniline, phenylamine, CflHsNTIa, is used extensively in chemical industry for 
the manufacture of many products, such as dyes, resins, and explosives; it is also 
employed as a solvent. It is quite toxic, and u’orkers unduly exposed to aniline 
vapors may show various symptoms, for example, skin eruptions, ner\'ousncss, 
dimness of vision, weakness, nausea, and cyanosis. It is detoxified by oxidation 
to p-aminophenol, which is then excreted in conjugated form. The substitution 
of alkyl or aryl groups at the nitrogen atom modifies somewhat the activity, but 
the products still behave qualitatively like unsubstituted aniline. Acylation 
yields compounds having a much less intense toxicity. The introduction of 
derivatives of aniline as antipyretics was based on the discovery (1886) by Cohn 
and Hepp that acetanilid has antipyretic and antincuralgic properties. 

Acetanilid, N.F. (N-Phenylacetamide, Antifcbrin), CeHsNHCOCHs, is pre- 
pared by refluxing 1.4 parts of acetic anhydride and 1 part aniline until no more 
aniline remains, or, more economically, by heating aniline in an exco-ss of acetic 
acid. 

CeHjNH, + CIIjCOOH -»• CeH^NHCOCH, + HjO 

It occurs as crystals, m p. 114-116*. It dissolves in water 1:I90, is readily solu- 
ble in alcohol, ether, glycerol, and other organic solvents. It is employed as an 
antipyretic and analgesic, being used in many proprietary headache powders. 
In man, a minor portion is deacetylated to form a precursor of the substance that 
converts hemoglobin to methemoglobin.’ The major portion is oxidized in the 
liver to p-hydroxyacetanilid, which is then e.xcreted as the glucuronide or the 
sulfate ester. The analgesic as well as the toxic properties of acetanilid are 
attributed to this p-hydroxy derivative, which is formed in wVo.*® " 

Extensive efforts have been made to improve upon acetanilid by means of 
various structural modifications, of which the introduction of an ethoxyl group 
in the para position is the most successful This resulted from the obsen’ation 
by Schmiedeberg (1884) that the body converts aniline into p-aminophenol, 
which is excreted as the glucuronide or as the sulfuric acid ester. A subsequent 
study of homologous ethers of p-hydrojg^acetanilid showed that the methyl 

• Brodio and Axelrod, J. Pharmacol BxjM. Therap., 9t, 29 (1948). 

Flinn and Brodie, / Pharmacol Exptl rAenip., 91, 76 (1948) 

” Smith and Willianis, Broehem J , 44, 239 (1949). 
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ether, p- ^ 

analgesic 

ferred since it is less hemolytic. * 

Acctophenetidin, U.S.P. (Phenacetin), was first prepared by Hinsberg 
(1887), who was seeking a use for a quantity of p-nitrophenol which had accu- 
mulated as a by-product from the dye works. The synthesis is indicated by the 
equations 



OCtHs OC 2 H 5 OCjHj 



N=N— C«H8 NH* NHCOCHa 

^Phenet)djn Acetophcnttidin 

Acctophenetidin consists of odorless, white, crystalline scales, or a cryetallino 
powder, having a slightly bitter taste, m.p. 134-136^ One gram is soluble in 
1310 ml. of water, and it is readily soluble in most organic solvents. 

In the body acetophenetidm is converted into p*hydro\yacotanilid, the active 

metabolite.** 

Acctophenetidin and its congeners are extensively used as antipyretics for the 
foduction of temperature in fevers and os analgesics for the relief of pain All of 
them should be used cautiously since they cause hemolysis of the red blood cor- 
puscles and act as heart depressants. 

A number of compounds similar to acctophenetidin have been prepared in 
which the acetyl is replaced by some other radical All of them, like acetopheno- 
tidin, depend for their action on the liberation of p-aminophcnol or acctylamino- 
phenol. 

Phenocoll (Aminophenacetm, Glycocoll-p-phenctidin) prepared by Schmidt 
and Majort in 1890, by the action of ammonia on bromoacctyl-p-phcnctidin, has 
action similar to that of acctophenetidin. 

P-CiIIiO— CeH(— NH— COCIIiBr + NH, — * p-CiIUO— C*Hr-NH— COCHiNIIi 

The hydrochloride of phcnocoll ts soluble in water. Consequently it is absorbed 
mpidly and produces a prompt response, but the effects disappo.ir rapidly. Early 
claims that phcnocoll possessed value as on antimalanal could not be confirmed. 

It and the corresponding plienocoll salicylate arc rcporte<l to l>c strongly anti- 
PJTctic and analgesic and to have ^aIue ns substitutes for salicykates in rheumatic 
fever. 

*’ Smith and WillUnis, liioehem J , **. 239 (1019). 
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Replacement of the hydrogen of the hydoxyl group in p-acetaminophenol by 
other than the simple alkyl groups mentioned has been accomplished. Thus 
p-acetaminophenyl benzoate, p-CeHsCOO — C6H4 — NHCOCH3, p-acetethyl- 
arainophenyl acetate, P-CH3COO— C6H4 — NEt — COCH3, p-acetaminophenoxy- 
acetamide, P-NH2COCH2O — C6H4 — NH — COCH3, and a number of related 
compounds have been prepared and found to have no practical value in therapy. 
Only one compound of this type has attained extensive use, namely, phenetsal. 

Phcnetsal (Salophen) is p-acctaminophenyl salicylate. It is a white, ciystal- 



line solid, m.p. 187-188®, insoluble in water and soluble in most organic solvents 
and in solutions of alkalies. 

Phenetsal was introduced as a substitute for salol, the action of which it re- 
sembles. It is thought that it Is hydrolyzed in the intestine to liberate salicylic 
acid and p-arainophenol. 

Crotamiton, N.N.U, (N-Ethyl-o-crotonotoIuide), possesses bacteriostatic 
and fungistatic properties, and it is reported to be useful for topical application 
in the treatment of scabies. 



CjHj 

1 

>N— C0CH=CHCH3 


CH, 


CrotARiiton 



CHj 

I 


C 2 H 5 J 

UdropboDium 


+ 


CI- 


Edrophonium, N.N.R. (Tensilon, m-Hydroxyphenyl Dimethyl Ethylammo- 
niura Chloride), a derivative of wi-aminophcnol, e.xhibit5 the pharmacological 
activity qualitatively similar to that of acetylcholine. It is an effective antag- 
onist to curare. It is useful for the evaluation of therapy in myasthenia gravis. 


IVIedicinal Dyes 

The observation by Ehrlich that certain dyes used as stains in histological 
work specifically stain fixed tissue gave rise to the conception that compounds 
might be produced which would combine with and destroy the parastic causes 
of disease without injury to the cells of the body. In the period from about 1900 
to 1912, Ehrlich and his co-workers studied numerous dyestuffs and their work 
stimulated investigations by others 

A considerable number of dyes are used as antiseptics, chemotherapeutic 
agents, and for specific effects upon tissue cells in modern therapy. The dyes now 
used medicinally are mostly synthetic products introduced in comparatively re- 
cent years. Considerable confusion concerning the composition of dyes exists 
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because various manufacturers of commerical dyestuSs make similar dyes that 
arc qualitatively and quantitatively different in composition. Diluents such as 
extrose or salts are often added, the commercLal dye being judged by its tinctorial 
value. Much of this confusion has been cleared up by the establishment of 
standards for medicinal dyes and food colors in the United States Pharmacopeia 
and ffirtional Formulary and by the Dye Certification Division of the United 
btates Department of Agriculture. 

Dyes used to color pharmaceutical preparations and foods must comply with 
le specifications of the Coal-Tar Color Reflations promulgated under tlie 
authority of the United States Food, Drug, and Cosmetic Act. 

Triphenylmethane Dj'cs. The most valuable medicinal derivatives of tri- 
piienylmethane dyes are those which result from the introduction of amino 
groups, forming p-rosaniline and rosaniline. 



P*Roa»niUn« Ro«»mlin» 


Melhylrosanlline Chloride, U.S.P. (Gentian Violet, Methyl Violet, Crystal 
Violet), the most extensively used of the triphenylmethane derivatives, is pre- 
pared by the oxidation of a mixture of dimethyl-p-toluidine and dimethyl aniline 
a mild oxidizing agent such as cupric sulfate in the presence of sodium 
chloride or nitrobenzene. Some pcntamethylated compound is formed so that 

(CHQiN— + 2^~~^N(CH,). -% 



lUximrtlijrl'P'niraoiltna cMwiilc 


riie end product is a mixture The commercial dye is often mixed with diluents 
'^ch OA dextrin and should not be used medicinally. Gentian violet U a dark 
Kreon powder, soluble 1:40 in water and 1:10 in alcohol. 
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Gentian violet was proposed as a wound antiseptic by Stclling in 1890. 
Churchman (1914) found that solutions of the dye liad a selective action for 
Gram-positive bacteria, especially 5. pyocyaneus and B. diphtheriac, and had a 
weak action on the Gram-negative species. It has low toxicity for tissues and 
penetrates readily. It has been used mainly against staphylococcus infections in 
pleural empyema and in arthritis in concentrations of 1 : 10,000 to 1 :500. It is 
used as an antiseptic for infected wounds, mucous membranes, and serous sur- 
faces. 

IVIalnchite Green (the chloride of Tctramethyl-di-p-amino-triphenylcarbinol) 



CHs 


M«Ucbt(« Green 


Cl- 


is used as a dye in the form of a ZnCIa double salt. It is a violet-green, crj’stalline 
powder, soluble in water and alcohol. The zinc-free compound is used medicinally 
as a wound antiseptic in about 1 : 1000 solutions, to treat ulcers and impetigo, in 
1 to 2 per cent ointments, and by subcutaneous injection of 1 : 2000 in 0.9 per cent 
NaCl solution to treat trypanosomiasis. 

Azo Dyes and Compounds. The azo dyes constitute one of the lai^st and 
most important classes of commercial dyestuffs. This class of dyes was first pre- 
pared by P. Griess in 1860. They all contain the azo group, — Nss=N — , which is 
the chromophore group. Dyes of this class arc usually made from two com- 
ponents, one of which is always a primary aromatic amine and the other is a 
phenol, or a primary, secondary, or tertiary amine. The primnr>’ amino is di- 
azotized and subsequently coupled vnth the other component. Coupling of a 
phenol with a diazonium compound is generally carried out in alkaline solution 
whereas amines are coupled in faintly acid or neutral solution. 

The azo dyes used medicinally are: Scarlet Red, Scarlet Red Sulfonate, and 
Dimazon 

Scarlet Red, N.F. (Scarlet Red Medicinal, Biebrich Scarlet Red), was intro- 
■^duced into therapy in 1908 after Fischer found that it stimulated the growth of 
epithelial cells It is prepared by coupling pure aminoazotoluene 'with / 3 -naphthol 
in the presence of an alkali and purification of the reaction product. It is a 
bro^vTiish-red powder, almost insoluble in water, slightly soluble in alcohol, 
benzene, and acetone, and readily soluble in chloroform, phenols, fixed oils, and 
mineral oil. 

Scarlet Red is used to stimulate the proliferation of epithelial cells in burns, 
wounds, chronic ulcers, and in skin grafting It has been given internally for 
duodena! ulcers. It is generally used externally in 4 to 8 per cent ointments. 
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N — N N — = N 



Scarlet Red Sulfonate is made by coupling -J-nminoazobonzcne^,4'-<ll‘-ul' 
fonic acid with ^-naphthol. Scarlet Rc<I sulfonate is a b^o^\•nish•rcd powder. It 
is soluble in water, slightly soluble in alcohol, acetone, and ether, and vorj' 
slightly soluble in chloroform, benzene, fixed oils, and mineral oils. Scarlet Red 
sulfonate is used for the same purposes as Scarlet Red in 4 to 10 per cent ointments 
and in the form of a 5 per cent emulsion. 



AinnranllK U.S.I*., V H C. R(h1 No 2, Trivo.limn sail of l.(I-ulfo-bnaph. 

tliyI.azo)-2-naphthol-0,rK!iMjironir an.I, U a rctMm)«n i>o\\*I»t, Miliiblr m water 

no SO,Na 





1 ; I.-, ,„„1 .liKhlly ■" A.n-.mntl. i- .1-1 I- .-<.1... pi,. -in,.... 

otitic.!! prfparntMUis nntl h**"! pnflur!’*. 
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IIALOGENATED ALKYL AMINES 

During World War II interest was developed in compounds of general struc- 
ture (CICH2CH2)2NR. These arc nitrogen analogs of mustard gas and are 
extremely vesicant. Studies with tliese so-called “nitrogen mustards*' have shed 
considerable light on the mechanism of the action of all mustards udth tissues. 
It has been sho^vn that the cytotoxic action, related in some manner to the 
proliferative activity of the cell, depends on intramolecular cyclization in a polar 
solvent to form an onium ion nith the liberation of a chloride ion, as indicated; or 


RjN^CHjCHi— C l 


+/ 

R,N 

\ 


CH ,1 


CH, 


Cl- 


for the analogous thioethcr, as indicated. Such onium ions arc very reactive and 


r-S^-CHiCHs— C l 


( 

3H,- 

./ 


R— S 


\ 


( 

3H,, 


attack various uncharged nucleophilic molecules, causing denaturation of the 
tissue and vesication. The onium ion is capable of alkylating functional groups 
of biological importance, such as the nitrogen ion, amino acids, peptides, imid- 
azoles, the sulfhydryl and thioether groups, carboxyl groups, and the glyccro- 
and hexosephosphates.^* 

Because mitotic activity is peculiarly sensitive to the action of these com- 
pounds, their use in cancer is of more than academic interest. Since they act as 
“chemical x rays” in producing mutations and changes in somatic chromosomes, 
c g., in Drosophila melanogaster,'* ATcttrosporo crcssa,” and Penicillium nolalum,^* 
the geneticist is provided with a promising tool for his studies. 

IMethchlorethaminc Hydrochloride, N.N.R. [6i5(/3-ChIoroethyl)methyl* 
ammonium Hydrochloride], (C1CH2CH2)2NH'^'C1“ has a special affinity for 

( 

CHa 

the epithelial cells of the intestine and the cornea and the cells of certain neo- 
plastic growths; hence, it is used as a palliative for the treatment of neoplastic 
disturbances, particularly those of the lymphoid and hematopoietic tissues. 
Since there is no knorni antidote, it must be administered noth extreme care. 

Cf. triethylene melamine, page 439 . 

‘^Gilman and Philips, Science, 103, 409 (1946) 

Auerbach, Robson, and Carr, Science, 103, 243 (1947) 

** Horowitz, Houlahan, Hungate, and Wright, Science, 104, 233 (1946). 

•* Stahmann and Stauffer, Science, 106, 35 (1047) 
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Dlbenamine (N,N-Dibenzyl-^-chIoroelhylamine Hydrocliloride) is a potent 

”SA“S‘ epinephrine, against sympa- 
mm nnd m large doses against adrenergic nen-e stimulation. Dibenamino li.as 
neen tned clinically in such ailments as Raynaud's disease, Buerger's disease, and 
others but its use has been restricted to experimentation. A disadvantage is the 
necessity of administering the product intravenously. 


fVe^ 


N— CHjCHjCl-HCl 


H,C 


\ 

II, C X— CH,Cn,CMICI 


H,C 

DAxiiiytine 


(N-Plionoxj'isopropyI-N-benzyl-)9-chloroethyIamineIIycIrocIiIo- 
ndo) 13 an adrenergic-blocking agent which is effective orally to increase pe- 
ripheral blood flow and to raise skin temperature; it relieves causalgic pain and 
lowers high blood pressure due to excessive secretion of epinephrine. It is u«od in 
peripheral vascular disorder and hj'pcrtcnsion due to phcocliromocytoma. 


ALKANOLrVMLNES 

Compounds containing both the amino and hydroxy function ore u«cd in the 
sjTithesis of a number of important and useful medicinal products. Hxamples of 
®uch intermediates are shown. /S-Dimcthylaminoclhanol shows a cholinclike 

C,H, X(Cn,), 

\ I 

X— Cllr— ClI,— on CH,— Cll-CIIjOn 

/ 

c,iu 

tf-D>«thyUnMito«lh*nol 3 

effect in the prevention of pero'sis and promotion of growth in chicks maintained 
on a cholineKlcficicnt diet; pavvibly it in convertoti to choline by methionine.” 
^•Mcthylaminoothanol, under similar conditions, prevents perosis but doe^ not 
^ipport grouib.” Both /3-metbylaminorthanol and ^hmethylaminoethanol 
tmprove the work cap.acity of a failing mnmmalbn heart in a m.anner simil.ir to 
that cxliibitcxl by the digitalw glycaddrs '* 

Aminohydroxy compounds of the p-anifTm hydroc.nrl)ons are rmplojetj 
emul^ifyinp agent.3 in cosmetics and as intermixliati's for the s\Tithr«ts eif ph.ir* 

" Jutr, fcn.! J lUti VKtm . I5T. 419 (1915) 

" JuVm. 01r«m. »a.l IXimtiuxh. J \ 30, 219 (19«5» 

“ Kr»ypr^ »n.l n>. J . 83. 277 (19lf.l 


cir, 


cir, 


\ 

cii,— cir,— on 


^^"''♦tliyUmlnocihsnol 
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macoutical products and surface active agents, 
those sho^Ti. 

NHj 

I 

CHjOH— C— CIIjOH CHr- 

I 

C,Hb 

2'Amino-2-eUiyl*I,3-pTOp«nfdiol 


The compounds used include 

NHz 

1 

■GHj—CH— CH 2 OH 


2*Ani(ni>*l-butAnol 


NHj 

! 

CHjOH— C— CH 2 OII 
CII 3 

2-ARiino*2*Tnethyl-l ,3-prapan«^o1 


Nil- 

I 

CIIj— C— CHjOII 

I 

CHj 

2-Ainino-2-methyl-l*prop«nol 


Triethanolamine, U.S.P., is a pale yellow, hygroscopic liquid, miscible mth 
water and alcohol and soluble in chloroform. It consists of a mixture made up of 
about 80 per cent triethanolamine, 15 per cent diethanolamine, and 2.5 per cent 
monoethanolamine. It is a technical product used only for external application 
in medicaments. It combines with fatty acids to form soaps which have excellent 
detergent properties. These soaps are soluble in water and also in organic sol- 
vents such as kerosene, gasoline, and oils. Emulsions of such soaps are readily 
formed by mixing fatty acids dissolved in oil with an aqueous solution of tri- 
ethanolamine. Incorporated into preparations for external application, such as 
ointments and dermatological pastes, they increase the penetration and thus 
increase the bacteriostatic effect and also facilitate the removal of such products, 
e.g., from the scalp. 


Cliolinc and Its Derivatives 

Hunt and Taveau in 1900 reported on their discover}' of a parasympathetic 
stimulant, which Dale in 1914 suspected of being acetylcholine; ** in 1929 he was 
able to prove that he was correct.** 

Choline is one of the hydrolytic products of the lecithins. It is j 9 -hydroxy- 
ethyltrimethylammonium hydroxide, (HOCH 2 CH 2 NMd 3 )OH, a quatemarj' 
ammonium base of ethanolamine. It is a marked circulatory depressant, usually 
producing a lowering of blood pressure. 

Choline is a viscid, colorless liquid, strongly alkaline, soluble in water and 
alcohol and insoluble in ether, which possesses vitaminlike activity in that it is 
capable of supplying essential transferable methyl groups in biological processes. 
Betaine and methionine show similar behavior. 

Acetylcholine Chloride (AcetoxyethylfcrimethyJamraonium Chloride), 
[CH 3 — C 00 (CH 2 ) 2 — N(CH 3 ) 3 ]CI, is a white, very hygroscopic crystalline pow- 
der, which dissolves readily in water to form neutral but unstable solutions. Solu- 
tions for use must be freshly prepared It is ineffective when administered orally. 

Hunt and Taveau, Bnt. Med. J., 2, 1788 (190G) 

Dale, J Pharmacol Exptl. Therap , 6, 147 (1914). 

» Dale and Dudley, J. Phy$iol , 68, 97 (1929). 
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It IS about 1000 times as active as a parasympathetic stimulant as choline It 
lotrera Wood pressure by dilation of the peripheral vessels and relaxes spasm of 
mooth muscles. It is used for the same purposes as mecholyl, but its action is 
much briefer since it is destroyed by choline esterase. It is usually administered 
in sterde aqueous solution by subcutaneous or intramuscular injection, and it is 
applied locally in such conditions as atrophic rhinitis. 

Methacholine Chloride, U.S.P. (AcctyM-methylchoIine Chloride, Mech- 
olyl), may be prepared by the sequence ot reactions indicated. It occurs as white, 




1. ClI,-<!— Cllr-,., 

2. eaUlytic reduction 

3 aeetyktion 


l(CHa)3N--CH2— CH— O— C— CIIsICl 
CH, 


hygroscopic crystals or a crystalline powder and is freely soluble in water and 
alcohol. Solutions are relatively stable to heat and ^vill keep for two or three 
J'^eks. Mold growth may be delayed by refrigeration. The methyl group con- 
fers sufficient stability toward cholinesterase as compared to acetylcholine to 
give a product that in the body exhibits sustained parasjTapathetic stimulation. 

Mecholyl causes stimulation of the parasj’mpathetic nervous sj'stem to pro- 
duce results opposite to those caused by stimulation of the sjTnpathetic neiwous 
system by epinephrine, ephedrinc, and related compounds. It causes a fall in 
blood pressure, slowing of the heart, constriction of the bronchioles, dilation of 
penpheral blood vessels, constriction of the pupils, increase in intestinal tone and 
peristalsis, stimulation of the muscles of the bladder, and contraction of the 
uterine musculature. It has been used to treat paro.x>-smal tachycardia, Ray- 
naud's disease, diabetic gangrene, varicose ulcers, rheumatoid arthritis, atonic 
constipation, postoperative abdominal distention, functional dysmenorrhea, and 
atrophic rhinitis. 

The drug may be given orally, ^"ilh milk to disguise its bitter taste, by ion- 
tophoresis, or subcutaneously. 

Mcthacliolinc Uromidc, N.N.R. (Acclyl-^-metliylcholinc Bromide), 

O 

E(CH3)3N— CH 2 — CHCIIs— O— C— CIIsIBr', poss('‘y=cs on activity that is 
aimilar to that of the chloride. Although it is alM hygro'scopic, it is Ic.ss so than 
the chloride and therefore is preferred for preparing tablets. For injection or 
iontophoresis the chloride is prcfcrreil. 

Carbachol, U.S.P. (Carbamylcliolinc Chloride, Dorj’l, Lcntin), Is prepared 
by reacting 0-chlorocthyl carbamate srith trimethylammc. It is a stable, hy- 


O 


(CII,),N + Cl— CIIi— CIIj— O-'C-N’H, -* 

o 


KCIIOiN— ClIr-CHx-O-C— NII jICI- 



196 


THE CHEMISTRY OF ORGANIC MEDICINAL PRODUCTS 


groscopic, crj'stalline powder which readily dissolves in water to form neutral 
solutions. It is fairly soluble in alcohol. It is reported that the solutions can be 
heated without causing decomposition. It is also reported that it is not destroyed 
by the gastric enzymes and fluids. 

Carbachol is the most powerful para^'mpathetic stimulant of the choline 
type. It is not readily absorbed from the gastrointcstional tract where it chiefly 
exerts its action. Because it is not easily hydrolyzed by cholinesterase, its 
action is prolonged when injected and is inclined to be more toxic than other 
products of this type. Its action and uses arc very similar to those of mecholyl, 
but it is much more active on oral administration. It is administered orally in 
the form of tablets or hj^podermically by subcutaneous injection. 

Bcthnnechol Chloride, U.S.P. (Urecholinc Chloride), is prepared by treat- 
ing propylene chlorohydrin with phosgene and then until ammonia. The result- 
ant urethan is then heated with trimcthylamine. It is a white, crj'stalline solid 

OH 1. pboseene CHj 0 

I 2. •mmoni* I |{ 

CH.— CH— CHr-Cl |(CH.).N— CHr-CII— 0-C— NHjlCl- 

which is very soluble in water and freely soluble in alcohol. 

Pharmacologically it behaves similar to mecholyl but differs from acetylcholine 
in that it exhibits little if any ganglionic stimulating action and is not hydrolyzed 
by cholinesterase. It is less toxic and active than some of the other esters of 
choline. 

It is useful in the prevention and relief of postoperative urinaiy retention, 
treatment of chronic or functional urinary retention duo to muscular atony udth- 
out obstruction, postoperative abdominal distention, and other conditions that 
are relieved by choline ester types of parasympathetic stimulants. 

Tridibexethyl Iodide, IV.N.R. [Pcnthilon Iodide, (3-Cyclohe.xyl-3-phenyl- 
3-hydroxypropyl)-triethylaramonium Iodide], is related to the anticholinergic 

OH CHjCH, 1 + 

< )CCHjCH,N— CHjCH, 1“ 

C*Hs CHiCHs 

Tndihexethyl iodide 

structures; it is used for the treatment of peptic ulcer, for the control of gastric 
hyperacidity and hyperraotility, and for spastic colon. 


ESTERS OF ALKANOLAMINES 

Among the esters of alkanolamincs are found compounds of varied pharmaco- 
logical activity, including local anesthetic, spasmolytic and antispasmodic, anti- 
parkinson, and antigastric properties. In a broad sense these esters may be con- 
sidered as being modeled after the tropane alkaloids (see page 385), that is 
alkanolamine esters of benzoic or substituted benzoic acids or esters of tropic 
acid and its analogs. The biological properties depend on both the acid and the 
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amino alcohol components. In general the aromatic acids are found in local 
anesthetics of the procaine type; tropic acidlike esters are spasmolytic; and 
esters of the benzilic type are more mydriatic.** 


Esters of Aromatic Acids 

-y^^oller, in 1884, reported his results with cocaine in ophthalmological practice, 
thereby introducing “local” anesthesia. As a medical discovery, anesthesia 
ranks second to Lister’s introduction of the practice of surgical antisepsis and 
asepsis. Without anesthesia surgery could not have progressed and advanced as 
it has. 


Cocaine, valuable as it is as a local anesthetic, has several clinical and commer- 
cial disadvantages. It is a habit^forming drug and as such is restricted under the 
narcotic laws, and it does produce in the patient undesirable side effects. It 
cannot be sterilized well in pharmaceutical preparations wthout undergoing 
hydrolysis. 

CHj CH CH— COOCH 3 

CH— O-OC-cSl 


f^CH, 


CHj- 


lifl r 


CHz 


1 


Oo««Ia« ibowlae *M«t)M*iopbono croup. 


The chemistry of cocaine and its structure are described under the tropane alkaloids 
Early in the study of the chemistry of cocaine, the question naturally arose. To ahat 
portion of the molecule does the compound owe its activity? As a partial answer to this 



“ A mote ertendeA ducmsion ot thoao relaUoiBliip.1. pvon by lo CArai. 

nam«oloj„, John Wiley i Son., Xe” Vork, 1955. pp 83-179- See ol«) Zmmo, J. PAorm. 
Pfuxrmaeol , 7, 497 (1955). 
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question, it was obsciwcd that the anesthetic activity was lost if cither the methyl ester 
group or the benzoyl group was removed. Removal of the N-methyl group liad no par- 
ticular effect on the activity. In order to determine whctlicr the pyrrolidine nucleus 
(the flve-membercd ling) was ncccss.ary, a compound witli the piperidine ring (six-mem- 
bered) analogous to that found in the natural base was synthesized. Three molecules of 
acetone were condensed with ammonia to form triacetoncamine. This was methylated, 
converted into the cyanohydrin uhich was hydrolyzed, the carboxyl group estcrified, and 
the hydroxyl group benzoylatcd to form a-cucainc, as shown on page 197. Tliis com- 
pound is about as strongly anesthetic as cocaine. Since, however, it is somewhat painful 
and irritant on injection, it was superseded by ^-cucaine, which m.ay be prepared in an 
analogous manner, starting with diacetoneamine and aceLaldehyde.*‘ /3-Eucaine is less 
toxic and safer in practice than is a-eucainc. 

S.c-H n 

CO NH -I- 0=-Cn-CIT» > 

t I 

cn^c-cn, 

err, 

niaeCtODCDRllQO 



rcdoctloR itnd 
ciUriacftUoo 


cn^cn — cH, 

/Nif ch6-oc-c,b[| 

iai.-c CH, 


As information accumulated, it was learned that certain minimum structural require- 
ments are necessary in compounds of this type. 

Ritsert “ had established by 1890 that ethyl p-aminobcnzo.ate possesses anesthetic 
activity, and the compound which he had prepared from it with p-phcnolsulfonic acid, he 
called "subcutin” because it could be injected subcutaneously. 


Einhorn,** who bad worked with Willstattcr on the chemistry of cocaine, made 
the generalization. “All aromatic esters possess the capacity to produce anesthe- 
sia.” Other factors might have a modifying effect, but the minimum require- 
ment is that the compound must be an ester of an aromatic acid. Einhorn pre- 
pared esters of this type, e g., orthoform and new orthoform, the methyl esters 


NHs 

I 

C 

/ \ 

CH C— OH 


CH 


CH 
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I 

COOCHs 
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CH CH 
^C^ 

I 

COOCHs 
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« Harries, Ann , 296, 328 (1897), 299, 340 (1897). 
“ Bodendorf, Deui Apoth. Ztg , 49, 1042 (1934) 
"Ann, 371, 125 (1909). 
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of p-amino-m-hydroxybenzoic acid and of m-amino-p-hydroxybenzoic acid, 
respectively. This observation led to the synthesis of a large number of anal- 
ogous esters of which ethyl p-aminobenzoate, anesthesin, and n-butyl p-amino- 
benzoate, butesin, are finding practical use. 

A series of the alkyl p-aminobenzoates, when tested against goldfish, showed 
increasing potency in the order:” methyl, ethyl, allyl, isopropyl, fer^-butyl, 
sec-butyl, n-propyl, isobutyl, n-butyl, and «-amyl. The esters of higher alkyl 
groups are the most active, and the esters with normal chains are more active 
than those \vith the isomeric branched chains. 

The next advance was in the recognition that the presence of a basic nitrogen 
atom in the esterified alcohol was highly desirable; it permitted the formation 
of neutral soluble salts, solutions of which could be injected, and it also influenced 
the activity favorably. Thus, it was recognized that in cocaine the anesthe- 

slophore” group was Ar— CO— 0— (C)„— N, shown in the boxed area of the 

formula for cocaine. It wiU be observed that the same grouping is present in 
the eucaine structures. . , 

After Einhorn and Uhlfelder « described the synthesis of procaine, or, as they 
called it, novocaine, which also contains the same anesthesiophoric group as the 
eucaines and cocaine, there were inaugurated research programs which have 


jIjN — i \ — CO — OCHiCH: — NfCsHs)* 


or novocain*, tho r^mmoben«..o M.d of ^^rthyUminoethnnol 

resulted in the synthesis of literally hundreds of compounds, most of them con- 
taining the same anesthesiophoric arrangement. Peijmps no m the_syn^he- 
&is of medicinal products has^tLStudiedJiaDre-extensivelxihanihe^^on^ 
related:5Mromolog)^^^^ 

of the products w:^ made by about as 

^procedures as there were investigators, and , .t_,irfnre on 

the available data and summarize completely the effec ^ tendencies will be 
physiological activity Consequently, only general effects and tendencies v.nll be 
indlatS ThL Z be °ccS,pli3l.ed by coneidermg three separate alructural 
elements of the anesthesiophoric grouping, namely: 

I 

Ar— CO— 0{Q„— N= 

A U C 

pof«rifiml thc alkanol group which is 

e acid wth which the comp atom and the nitrogen atom with 

esterified and bears the basic ammo mtro^n atom, a 

particular reference to the substituents which it carries. Such a rc^.e^^ is, at 
best, sketchy and roughly qualitative. 

„ I J Am Chem Soe , t8, 1758-1770 (IMfl). 

” Adams, Ridcal, Burnett, Jenkins, and Dreger, J A 

*• Ann, 371, 131-142 (1909) 
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The “local” action of these esters is attributed to the fact that they inhibit 
the cholinesterase of the blood.®* 


The Acid (Part A) 

The acid may vary within wide limits, c.g., benzoic acid, substituted benzoic 
acids, and various analogs of benzoic acid. As a rule, which must not be taken 
too literally, p-arainobenzoates are more cfTcctive than simple benzoates.” In a 
series of p-alkoxybenzoatcs of general structure** p-RO — C(jH4 — CO— 0 — 
(CH2)n — N(C2H6)2 it was observed that anesthetic potency increased with 
increase in R and that normal alkyl groups were more cfTcctive than their iso- 
meric branched-chain alkyl groups. Esters of piperonylic acid, such as Hcli- 
caine and Piperothesine, are active, as are also the cstersofa-and/S-naphthoic 



CO— 0— CHjCHjN(CjH»)i • IICl 



CO— O— CH!CH,CH,N{C.Hi)!-HCI 

PiperothwJne 


acids.”-** Carboxylic acid esters of heterocyclic compounds are also active. 
Among these may be mentioned the cocaine and stovaine analogs derived 
from thiophene-2-carboxylic acid,** the procaine analog of pjTroIe-2-carboxylic 
acid,**-** and of pyran-4-carboxylic acid.** 
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2-Alkoxycineboninie acid 


” Ferrari, Boll. soc. med. chir. Modena, 45, 422 (1945); C.A., 42, 3489 (1948). 

Mannich and Hof, Arch. Pharm., 265, 589, 598 (19^). 

Rohmann and Scheurle, Arch. Pharm., 274, 110 (1936). 

** Fisk and Underhill, J. Pharmacol. Expll. Therap , 49, 329 (1933). 

*’ Bjerregaard and Houston, Proc. Oklahoma Acad Sci , 14, 77 (1934); C.A., 28, 6851 (1934). 
« Stemkopf and Ohse, Ann , 437, 14 (1924), 448, 205 (1926). 

«Kamm, J. Am. Chem. Soc., 42, 1030 (1920) 

»Blicke and Blake, J Am. Chem Soc , 52, 235 (1930), 53, 1051 (1931). 

” Leffler and Brill, J. Am. Chem. Soc , 55, 365 (1933) 

C' 
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The esters of furoic acid show increase in anesthetic activity from methyl to 
amyl.^* The esters of 2-alkoxycinchoninic acid are active,”-^® whereas the esters 
of the pyridinecarboxylic acids are not.*^ 

An interesting variant has been introduced by employing p-aminothiobenzoic 
acid This analog of procaine, called Thiocaine, NH2 — C6H4 — CO — S — CH2- 
CH2N(CH2CH3)2, is reported to be four to six times as active as procaine and 
half as toxic as cocaine."-*® 


The Alkyl Chain (Part B) 

Few generalizations are permitted as to the effect produced by modification of 
the hydrocarbon portion between the acid moiety and the basic nitrogen. As a 
rule propane compounds, C3, are more active than the homologous ethane esters, 
C2.** Two compounds of type CH3C) — C6H4— CO 0 (CH2)n NCCHa- 
^^3)2, in which n equals 2 and 5, respectively, were compared ivith cocaine; to 
anesthetize the web of a frog's foot, a concentration of the ethane compound 24 
times greater was required than for the pentane homolog.** A comparison was 
made of corresponding p-ethoxybenzoates m which n was equal to 2 and 3; the 
former was about a sixth as active as the latter Benzoates, p-aminobenzoates, 
and cinnamates of type Ar-CO-0— CH2— NR2, in which R varied from ethyl 
to pentyl, though showing anesthetic activity, were less active than the homol- 
ogous esters of structure Ar — CO— O— CH2CH2NR2.*’ 

Substitution in a chain of 2 or 3 carbon atoms affords excellent anesthetic 
esters, as may be noted from the structural formulas of the established com- 


CH, 

CHi— C— CHj— N(CiH,)j 

1 I 

0 CH, 





CH, 

CjHj— CH— CH— N(C2 H»)j 

O — OC — C*Hs 


CH, 

1 

CHx-CH-CH— CH,— N(CH,), 

o 



Tutocauie 


C:H, 

(CH,)sN— CH,— ^CHr— NfCH,), 

O — OC — C|H, 

Alypin 


’‘Phatek and Emerson, J 


pt,moca.Expa. Th„^p, 58, 174 (1030) 
• e- (1930). 


c- 2,090,750 (1937) 


“ Livelier and Jordan, y Am i ’ “ . . . 

** Meeker, / Lab Clm ■ 

“McElv^.n.J An.Chtm „a™i 

** Rohmann and Schucrlc, ArcA Pharm, , 7G1 {193'’) 

•’Lynn and Lofgrcn,/ Am Pharm A.soc., 21. 511, 761 {193.). 
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pounds shown. In Alypin the chain branches and both terminals have the 
characteristic dialkylamino groupings. Allocaine will be recognized as the ben- 
zoic ester of an ephedrineVike compound. 

Closely related compounds with strong anesthetic action were obtained in the 
synthesis of compounds of the type, shown, in which Rs is dimethyl, diethyl, or 

NRi 

I 

At— CH— CH— CH, 

I 

O— OC— Ar 


pentamethylcne and Ar is p-methoxyphenyl, or m,p-dimethoxyphenyl, or m,p- 
raethylcnedioxyphcnyl.** The alkyl may contain a carbethoxy group; e.g., the 
ester obtained from p-aminobenzoic acid and ethyl a-hydroxy-)S-aminobutyrate 

p-NHj— C«H^— COO— CH(COOEt)— CHfNIIs)— CH, 


has pronounced anesthetic action.^* 

The nitrogen and acid moieties may be joined by a cycle. For example, cyclic 
alkanolamines may be obtained by the hydrogenation of dialkylaminophcnols. 


CH— CH 

RiN— C C— OH 

\ / 

CH— CH 


H CH,— CH, 

^CHOH 

/ \ / 

RjN CH,— CHj 


The 4-dialkylamino-cyclo-hexanols exist in two forms, cfs and irons, each yielding 
a different ester with p-aminobcnzoic acid. The ester of the irons form, when 
tested on goldfish, was found to be about as active as cocaine and about twice as 


H CH,— CH, CH— CH 

\ / \ ^ \ 

(CHj)2N— C CH— o— OC— C C— NH, 

\ / \ / 

CH,— CH, CH=CH 


active as the ester of the corresponding cts isomer. In this compound the esteri- 
fied portion may be looked upon as a bridge connecting the N to the acid residue 
The corresponding 3-dialkylammo-isomer is more acti ve.®“ 

Unsymmetrically bridged chains were obtained from cyclohexanone, formal- 
dehyde, and a secondary amine by means of the Mannich reaction, as indicated. 
Benzoates in which R, is dimethyl, diethyl, or pentamethylene are reported to be 
very strongly anesthetic.” 

” Mannich and Schmitt, Arch Pkarm, 266, 73 (1928) 

** Konek and Szasz, irien Ckem. Ztg , 46, 266 (1943); C.A , 40 , 6064 ( 1946 ) 

‘®Heckel and Adams, / Am CAem. iSoc., 49, 1303-1307 (1927). 

“ Manmch and Honig, Arch. Pharm , 265, 598-610 (1927). 
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HiC CH; 

HiC CH— CH. 

i 1 + HCHO + HNR, 

1 1 

HjC C=0 

H,C 0=0 

\ / 

\ / 

CH. 

CH, 
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CHj 
/ \ 

H,C CH— CII«- 

I I 

HjC CHOn 

\ / 

CH, 


CHi 

IhC CH— CHz— NR, 

> I I 

II 2 C CH— 0— OC— AR 

CHs 


Amino Group (Part C) 

Many modifications have been made which involve the substituents on the 
basic amino nitrogen atom. The primary amine corresponding to allocaine is 
reported to have activity approaching that of cocaine and to be about a third as 
toxic. Primary amino esters of this type are stable only as salts, however, for, 
when an attempt is made to isolate the free ester-base, the acid portion migrates 
from the oxygen atom to the nitrogen atom, forming the isomeric amide.“ The 


CHj 

C«Hj— CH— CH— NH s-HCI ■ 

I 

O— OC— CeHi 


• C,H5 


-CH— CH— CH, 
OH NHC0C<Hi 


reversible migration of the acyl group between the oxygen and the nitrogen in 
amino alcohols of the ephedrine type is discussed by Welsh ** 

Derivatives of secondary amines have attracted interest The p-an^inoben- 
zoates were synthesized according to the procedure: “ 


Va n NaOlC 

C,H«— CO— Cl + HO(CH,)„NH— R )• 

NO 2 — C*H4— CO— 0— (CH:)n— NH— R -» 

NH,— C«H4— CO— O— (CH0«— NH— R 

and the p-alkoxybenzoates were obtained by allomng the hydrochloride of tlie 
aminoalcohol to react excess of the desired benzoyl chloride.“ Amylsine anti 

^0~C.H4— CO— Cl + HO— (CHOn— NHR'(HCI) 

HO — C*H*— CO— 0“(CHi)rt — xnR'(HCI) 


nionocaine are examples of useful anesthetics of tliis senes (sec page 20G). 


J[?«ung. Munch, and Kester, y Am Chem.Soe,5t. 1520(1932). 
'WMi, J, Am. Ch^m Soe., 69, 12S (1947). 

^o'dborg andWTiitmore, y Am Chem. Sm , 59, 2m {1037) 

Sahshuiy, and Frcilenck^en, y Am. Chem. Soe , If'^l (1912). 
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Tertiary amines have been used almost universally- These represent various 
types. First, there are the dialkylamino compounds, e.g., the dimethylamlno, the 
diethylamino, etc. In members of this type anesthetic efficiency seems to in- 
crease nith the weight of the alkyl group. In a series of p-aminobenzoates of 
— CH2CH2NR2 and — CH2CH2CH2NR2 it was found that activity was greater 
when R was C3 or C4. Some of the compounds, however, were quite irritating.” 
The same w'as true for a series of esters of dialkylaminomethanols.®’-” 

The substituents on the nitrogen may also be unlike,®® or the terminal carbons 
of the two alkyl groups may be joined, thus forming, ^vith the nitrogen, a 


CHjCHj 



Fyrrolidtnoelhyl i>^minobentoat« 


heterocycle. A more common type of cycle occurs in the piperidino deriva- 
tives,*®* **• ** of which Piperocaine is an excellent example. The effect on activity 

CH,— CH* 

C.Hs— CO— O— CH,CH,CHj— ^CH, 

\ / 

CH — CHi 

I 

CH, 

Piperocauie 

of further variations in the fundamental structure of local anesthetics is discussed 
for a series of 43 new, synthetic compounds by Gilman, Goodman, et al.** 

As matters now stand, the choice in the clinic for a local anesthetic is not 
based necessarily upon the potency of the compound, but upon other factors. 

« Meeker, /. Lab Clin. Med , 11, 468-474 (1925); C.A., 20, 1852 (1928). 

•^Lynn and Lofgren, J. Am Pharm. Assoc., 21, 761-764 (1932). 

“Lynn and Lofgren, J. Am. Pharm. Assoc., 14, 970-972 (1925). 

“ Brill, J. Am Chem. Soe., 54, 2484-2487 (1932). 

“Blicke and Blake, J. Am. Chem. Soe., 53, 1015-1025 (1931). 

** Andrews and McElvain, J. Am Chem. Soe., SI, 887-892 (1929). 

“McElvain.elal.,/. Am CAem. 5oc., 49,2835-2840 (1927); SO, 3348-3354 (1928);52, 1633- 
IWO (1930); 55, 4025-1629 (1933). 

“ Bamea and Adams, J. Am. Chem. Soc., 49, 1307-1315 (1927). 

“ Marvel and Shelton, J. Am. Chem. Soe., 51, 915-917 (1929). 

“LefHer and Brill, J. Am. Chem Soe., 55, 3C5-370 (1933) 

“ Gilman, Goodman, Thomas, Hahn, and Pnitting, J Pharmacol , 74, 290 (1942). 
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First of all, the drug should have the minimum of side reactions. Many of the 
compounds described are reported to produce irritation. This irritation may be 
caused by the base, or the compound may be too acidic in the form of its salts. 
A second factor is stability. It is often ncccssarj’ to sterilize solutions of the 
anesthetic wthout producing deterioration. In other words, the drug must be 
sufficiently stable for pharmaceutical preparation. A third factor, not decisive, 
is the ease of chemical manufacture. 

The esters of the procaine type arc inactivated by cholinesterase, which hydro- 
lyzes them.*^ 


Products 

Procaine Hydrochloride, U.S.P. (Novocaine, ^-Diethylaminoethyl p-Ami- 

nobenzoate Hydrochloride), p-NH2CflH4COOCH2CH2NH(C2H5)2CI , is a 
powerful anesthetic when injected. It is prompt acting, and it is less toxic than 
cocaine. The anesthetic effect is not well maintained, and so it is usually admin- 
istered with a solution of epinephrine which through its peripheral action r^ 
tards the rate of absorption of the procaine. It is not an effective anesthetic 
when applied to intact mucous membranes. 

Procaine salts arc used in concentrations varj'ing from about O.o to -0 per 
cent, depending on the type of anesthesia required, and with cpinephnne salts m 
concentrations varj'ing from about 1 :20,000 to 1 : 10,000. 


In compounds of the procaine tiTC it is the aliphatic amino porti^ of 
forms stable salts with acids. The amino group substituted m 

the compound is very weakly basic and, in a nwnner characteristic ° ' 

forms salts that arc readily hy<lrolyze<l in solution. 


Various routes have been developed and patented for the 8>Tithcsis of prwaine. 
Phe prc.sently preferred procedure h summarized in the accompanj mg re. 




CIliCKi 

V 


(CjiI»)jCH,CHiOIl 


r-No,c»n.n>ci 


r>i«thjl*>ninoc(h*n<>) 


(CiIIiiiNCHiCIIiO— CO— CiH.— N<>! — * 

(C,II.)iXCII.CH.O-CO-C,H.-NII> 


u.s.r.. 

„r pr,«,i„o. It l,.f. •If 

•mt-t- It rra.lili.it ,i ,|„ra „„t 

nnf-.thptir n^pl.-icinR cocainf'. particiil.'irly in rir ■'irp • 


'’Tots..,. Anti 13H V".-^ 
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caiiso mydriasis. It is generally used as the sulfate in a 2 per cent solution, 
which may be sterilized by boiling \vithout decomposition, for eye, car, nose, and 
throat surgery, the solution being applied topically. 

Tetracaine HydrochloridC} U.S.P. (Amcthocaino Hydrochloride, Ponto- 
caine Hydrochloride, /3-DimethyIaminoethyl p-n-butylaminobcnzoatc Hydro- 
chloride), (n)H 9 C 4 NHC 6 H 4 — CO— O— CH 2 — CHa— NCCH3)2*HC1, differs from 
the previously mentioned compounds chiefly because of the alkyl substituent on 
the nitrogen in the aminobenzoic acid portion of the molecule. The hydro- 
chloride possesses, in general, the properties of procaine hydrochloride; it is, how- 
ever, capable of producing corneal anesthesia and is elTcctive on mucous mem- 
branes. In spinal anesthesia its action is quite prolonged. It is employed as a 
solution of the hydrochloride, 0.5 to 2 per cent in eye and nose anesthesia and 
1 per cent for spinal anesthesia. 

Piperocainc Hydrochloride, U.S.P. IMctycainc Hydrochloride, 3-Bcnz- 
oxy-l-(2-mcthylpipcridino)propane Hydrochloride], acts promptly cither by in- 


/~^CO— O— I 


CII,— CH,— CII, 


^-HCI 


Piperocaine b>dr»«l>]ondo 


jection or by application to mucous surfaces. Its to.xicity is comparable to that 
of procaine when given subcutaneously, but, when administered intravenously, 
it is about three times as toxic. It is used in 2 to 10 per cent solutions and in 4 
per cent ophthalmic ointment for nose and throat anesthesia; in the genitourinary 
tract, 0.5 to 4 per cent solutions are used. 

Naepainc Hydrochloride, N.F. (Amylsinc Hydrochloride, 2-AmyInmino- 
ethyl p-aminobenzoate Hydrochloride), [H 2 N — CoH^ — CO — 0 — CHg — CH 2 — 

NIl 2 — CH 2 — CH 2 — CH 2 — CH 2 — CHalCl", is a white, crystalline powder sol- 
uble in water and insoluble in organic solvents. It resembles cocaine in activity 
but does not cause dilation of the pupil when instilled in the ej’c. It is employed 
in ophthalmic practice when mydriasis is not desired in aqueous solutions of 
2 to 4 per cent concentration 

Butethamine Hydrochloride, N.N.R. (Monocaine Hydrochloride), H 2 N — 
CeHi— CO— 0— CH 2 — CH 2 — NH— CH 2 — CH(CH3)2-HC1, is a white, crystal- 
line powder, soluble in water and in alcohol. It has local anesthetic properties 
similar to procaine hydrochloride. It is very useful for nerve block in surgery 
and dentistry. It is about one-third more anesthetic and toxic than procaine. 
Its use is not warranted in topical or surface anesthesia of mucous or other 
membranes. 

*’“The name Piperocainc was onginally given to an ester of structure (CH202)C8H3CH= 
CHCOOCH2CH2N(CH2 CHj )2 See Kuwahatarfaf, Folia Pharmacol. Japon, 7, 11 (1928), 
C A , 23, 2199 (1929) It was erroneously given also to the product known as Hclicaine (sec 
p 200) Beginning with N N R lfH9, the name Pipcrocaine was assigned to the substance 
previously known as Mctycamc, N.N.U 
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Intracaine Hydrochloride (Diethoxin, 2-DiethyIammoethyl p-ethoxj'bcnzo* 
ate Hydrochloride), (C2H50C6H4COOCH2CH2NH+(C2H5)2]Cr, is a rapid, 
effective local anesthetic of low toxicity. It is about two times as potent as 
procaine, and the duration of action is about twice as great. It is used topically 
for regional anesthesia, by infiltration or block in the urethra and bladder and in 
dental anesthesia. 

Benoxinate Hydrochloride, N.N.R. (Diethylaminoethyl-m-butyloxy-p-am- 
inobenzoate Hydrochloride), possesses surface anesthetic activity useful in 
ophthalmology for short operative procedures involving the cornea and conjunc- 
tiva. It also exhibits bacteriostatic properties. 


CHjCHjCH2CHiO_ 

NH.^^~^COOCH,CHiN(C,H.); • HCl 

BenoxiMte hydrochloride 


[iNHi 


<^^~^COOCHCHiNHi^ ^ 

CH, 

lUxylcoiBe hjrdfocUonde 


Heiylcuine Hydrochloride, N.N.R. (Cyclaine Hydrochloride, 1-CycIohcNyI- 
araino-2-propyl Benzoate Hydrochloride), is useful tor infiltration and spinal 
anesthesia and nerve block. Applied topically it is as active as cocaine. 

Surfacuine (Cyclomcthycaine, 3-(2.Methylpiperidino)propyl p-eyclohcxyl- 
o'tybenzoate Hydrochloride) is an cflective local anesthetic for surface anestlicsia 

■ HCI 

CIIj 

Sorfsctine bydrocblondo 

lasting from 4 to 8 hr., and it lias a potent anesllietic effect on rrctal, ™6'"al. 
Urethral, and bladder mucous membrane. It is used , I i 

bums, sunburn and skin abrasions, and in urological, obstetric, g> g > 
und other anesthetic procedures. . . . , 

Stmcturally related compounds with anesthetic nctivitj me i 
k-v1 ! I Tiip<?p compounds lla^ c already liocn ui 


^Ikyl esters of p-aminobenzoic acid. Those com] 
NIIr-C.I[,-C0-O-C.H. 

Uentortme n-Butyl P*"**"®'*"*®*'* 

Uthyl ^.ftminobrnioalr. O 


CO— o— CII, 


CO— o— c«n. 


on 


1 

NO, 
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cussed in part in the consideration of the procaine-typo anesthetics. All of them 
are slightly soluble, which limits their use. They arc usually employed as dusting 
powders diluted and intimately mixed with sterile talc. Although they are 
practically insoluble in water, they are soluble in oils and fats and arc often used 
in oil solutions, ointments, and suppositories. Butesin picrate combines the 
anesthetic activity of butesin wuth the antiseptic activity of trinitrophenol. It 
is used to treat bums and other painful denuded skin surfaces, usually being 
applied in the form of a 1 per cent ointment. 

Ethyl p-aminobenzoate is capable of absorbing those light waves in the ultra- 
violet region, in the neighborhood of 3100 A, responsible for producing sunburn; 
therefore, incorporation of this ester into lotions or ointments makes possible 
the protection against undue exposure to the summer sun. 

For other useful anesthetics see Dibucainc (page 247), Procaine Amide (page 
249), Diperidon (page 245), Lidocainc (page 249), Phenacamc (page 2G0), and 
Pramoxine (page 208). 


Esters of Substituted Acetic and Glycolic Acids 

Two predominant physiological characteristics of atropine areitsmydriaticand 
spasmolytic properties, Pyman prepared and examined various esters of 
tropanol and of tropic acid, thus pointing the way to stnictura! modifications 
leading to the synthesis of mydriatics, which offer certain clinical advantages 
over the natural alkaloid, and of spasmolytics in which the unwanted effects of 
atropine are less pronounced. 

As with the local anesthetics, various alkanolamincs have been converted into 
their corresponding esters, but the most favorable activity, apparently, is found 
in esters of a dialkylaminoethanol. Quateraization tends to accentuate the 
spasmolytic properties, as is seen also in homatropine methyl bromide 
(page 387). 

The hydrochloride of benzyl ^-dimcthylamino-a-phenyl-o-ethylpropionate is 
reported to have an antispasmodic action on smooth muscles of isolated organs. 
It is more effective and less toxic than papaverine.** Dialkylaminoalkyl esters 
of diarylacetic acids also show spasmolytic action.*® Examination of a group of 
41 such esters showed diethylaminoethyl fluorene-9-carboxj’late, depending on 
the test object, to possess activity from 0.14 to 20 times that of atropine; as an 
antagonist to the vascular action of acetylcholine it was 0.008 times as active as 
atropine.’® 

Products 

Methanthcline Bromide, U.S.P. (Banthine Bromide, 2-DiethylaminoethyI 
9-xaathenecarboxylate Methobromide), is an anticholinergic agent used for the 

“’'’Pyman, J. Ckem, Soe., 1917, 1103. 

** Unna, J Pharmacol., 70, 179 (1940) 

“’Richardson, U S pat. 2,390,555, C A , 40, 1970 (1946) 

Lehman and Knoefel, J. Pharmacol , 74, 274 (1942). 
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control of vagotonia and parasympathotonia of peptic ulcers. It reduces gastric 
hypermotility and abolishes or reduces excessive acidity. 



Propcnthclinc Bromide, JV.N.R. (Probanthinc, 2'DiisopropyIaniinoetIiyl 
9'xanthcnccarboxylate Methobromide), is an eflectivc anticholinergic sub‘?tancc 
'vhich inhibits neural impulses at the ganglia of (he sympathetic and para- 
83'mpathctic systems and at the postganglionic endings of the parasymp.ifhctic 
system. It is used for the treatment of peptic ulcers, gastritis, and other para- 
sj’mpathotonic disorders. 

Bentyl Ilydroclilorulc (N,N-Dicthylammocthyl l'cyclohc\yl*l'cyclohc.\ano* 
carboxylatc Hydrochloride) is a non-narcotic antlspasmodic «ith direct smooth 
njusclc and parasj'mpathctic depressant properties. It exhibits practically none 
of the undesirable effects of atropine or belladonna It is used to relieve spastic 
Conditions of smooth muscle.s such as functional disorder of the gastrolntestlonal 
^ract, irritable colon, spastic constipation, pylorospasm, biliarj* tract dysfunction, 
snd Urethral spasms. 


oP 
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CO— O— CHj— CIIr-N - n Cl" 
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hypermotility, spastic colitis, dysmenorrhea duo to uterine hypcrtonicity, and 
other conditions involving smooth muscle spasms. 

Cyclopentylatc Hydrochloride, N.N.R., is a spasmolytic agent, possessing 
about half the antispasmodic activity of atropine. It produces rapid, intense 
cycloplegia and mydriasis of moderate duration and therefore is primarily useful 
for refraction studies. Because of its mydriatic properties it is also useful in the 
treatment of iritis and other eye conditions. 


CjH, 

/ 

CO— 0— CHs— CHi— N 

\ 

CjH, 


CH. 

/\ +1 

HO CHC00CH.CH,NH-C1- 

/ I 

C.H. CHj 


CyclopentyI&t« hydrochloride 


H— C- 

O" 


Trascntinc (Adiphenine Hydrochloride, 2-Dicthylaminocthyl diphcnylace- 
tate Hydrochloride) is an effective non-narcotic relaxant of smooth muscle 
spasms. It acts directly on muscle fibers as well as inhibiting parasympathetic 
nerve endings. It is used in cardiospasm, pylorospasm, spastic colon, renal and 
biliary colic, genitourinary spasm and other conditions involving smooth 
muscle spasms. 

Syntropan, N.N.R. (Phosphate of PL-tropic add ester of 3-Dicthylamino- 
2,2-dimethyl-l-propanol), consists of a white powder, readily soluble in water. 
It is not used as a mydriatic, being only about 1/1000 as active as atropine, and it 
does not dry the secretions of the glands as atropine docs. It is chiefly employed 
as an antispasmodic in renal spasm, etc., as a substitute for atropine. It is of 
interest to compare the structure of this compound with that of larocainc. 


CHjOH 


CjHs 


CH— CO— O— CH.— C— CIIj— N' 


\=/ 


I 

CH) 

Syntropan 


■HjI'Ot 


CjHs 


Dicthylamincthoxycthyl Phcnylcyclopenlnnccarboxylalc (Tuclase, 
UBC 2543) has been used successfully in irritation coughs of mechanical origin, 


C8Hs-|- ^COOCHiCHiOCHiCHtNCCiHQi 


defensive coughs, and coughs of catarrhal origin. It is reported to be non- 
narcotizing and nonhabit forming.” 

» Deporter, Brux.-Med , 1954, 34/10, 422; Bxcerpta Med , Sec. XV, 8, 396 (1955). 
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laent of ulcers and hypertrophic gastritis « ^ 
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PentluDnktf bromide 


phencfr? Bromide, N.N.R. (2-DicthyIammoethy] cyclopcntyI-2-thio- 

moictv ^lethobromidc), shows that the substitutions on the glycolic acid 
^or thi ^ he homocyclic and they may contain fewer than six members, 
rnrif- f anticholinergic, antisecrctorj% and is a suitable adjunct for the 

<‘ontrol of peptic ulcer. 


ANTIHISTAMINE DRUGS 

Laidlaw ” first pointed out the similarity in the sj’mptoms of 
jfjjp and anaphylactic shock, a wealth of evidence has accumulated In 

foacti histamine is liberated as a result of the antigen-antibody 

t^Wde ^ major factor in allergic conditions ’*• There is le&s sound 

bums '^^*'™*nating histamine in several other pathologic conditions, snirh as 
1 ’ *^^hation sickness,” and the toxemias of pregnancy. Consequently there 
horn intensive search for means of inactivating histamine or preventing it 

tli/» action. The synthetic histamine antagonists Ii;t\e Ikh-ii 

successful dnigs of this type. 
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Their antihistamine activity was discovered by Bovet and Staub in 1937.”' 
Although useful in the laboratory both compounds have toxic effects which pre- 
vent their clinical use. 

Halpem,** in 1942, reported a study of a series of compounds prepared in the 
Rhdne Poulenc laboratories. The most active was Antergan, N-benzyl-N- 
phenyl-N'jN'-dimcthylethylencdiamine. Antergan was the first compound to 
find clinical use in the treatment of allergic conditions. Although it has been re- 
placed by more active compounds which are tolerated better, the basic Antergan 
structure has ser\'cd as a model for a number of the antihistamine drugs in use 
today. 



Benadryl was one member of a series of dialkylaminoalkyl ethers of benz- 
hydrol,*'* prepared originally as antispasmodics. Its antihistamine activity was 
observed by Loew, Kaiser, and Moore.” 

Through the efforts of several research groups a large number of compounds 
wth antihistamine activity have been discovered 
An examination of the structural formulas of the official substances, listed in 
Table XVII, reveals that most of the compounds may be considered as having 


in common a general formula which maybe written as /X — CH 2 CH 2 N(CH 3 ) 2 ' 


Even Antazoline, Chlorcyclizine, Phenindamine, and Pyrathiazine do not differ 
radically from that structure. 


” Bovet and Staub, Compi rend. $oc. biol , 12-t» 547 (1937). 

Bovet and Staub, ibtd , 125, 818 (1937). 

” Staub, Ann ^nst Pasteur, 63, 485 (1939). 

*» Staub, ttid., 63, 485 (1939). 

*> Halpem, ArcA intern pharmaeodynamte, 339 {19A2). 
«Rieveschl, U S. pat. 2,421,714 (1947) 

«3 Loew, Kaber, and Moore, J. Pharmaeoi , 83, 1^ (1945). 
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ical the* preparation 0 ^™ “/ Tripclmnaminc, sliown below, « is typ- 


■N'IICH,C1IjN(CII.)5 


f I N«Nn» 

-NH, + CICH,CH,N(CII,), 


■N— CH,CH,K(CH,) 


CiUtCl 
^ j (N»Nn 


prepared from benrliydrj’l bromide and d-dimclbylamino- 
Wbanol m the presence of anhydrous sodium carbonate; “ 

(C.H,).CHBr + HOCII,CH.N(CH.), -» (C,II,),CIIOCn,CII,N(CII,>, 

bcniramine is made from 2-l)cnzyIpyridinc and dimclbylominoclby) ridoridc: “ 



+ CICH.CNtNCCIl,), — 

N' — ■ ®s.^.^CII-Ca,Cll,N(CH,), 

rlS'dr acclophononc, pyridine, and dimetliylaminoethyl 


+ C.H.COCIl, 


C Oil 
CIl, 

IncififUiMrju', 


r orHsrn,N(ci!,>, 
rn, 

JftiMrpr. Dj^pivi. IWsr«, M»<rr. JVh'Jz, J »>#— . jjt. irr-o 

f S iwt 2.421.7M <n«7' 

SsiUrnl. uh lMifiWk, / •I*'! r#/-, rj, ^<.7 {j-ijt 
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Mode of Action. The antihistamine compounds are most active against the 
smooth muscle effects of histamine, and the pharmacological evaluation of these 
drugs has centered about measuring their activity against the bronchoconstrictor, 
spasmogenic (gastrointestinal and uterine), and depressor effects of histamine. 
Whether the drugs are active against the secretogog actions of histamine is a 
controversial point, but it is e\ddent that their activity in this respect is of a 
much lower order. 

For detailed and critical revie^v8 of tte pharmacology and clinical aspects of the anti- 
histamine drugs the reader is referred to the articles of Loew Feinberg,” and Bovet."« 

It has been sho^m that 929 F and Antergan do not inactivate histamine in 
vitro and have no effect on diamine oxidase (htstarainase),**' the enzyme that is 
believed to inactivate histamine in the body, Tripelennamine has no effect on the 
antigen-antibody reaction £n vitro , and Antergan does not prevent the release of 
histamine during anaphylactic shock.*® 

Halpem proposed the theory that the drugs compete with histamine for the 
site of action. Subsequent work supports this theory. Quantitative measure- 
ments of the inhibition ratios between histamine and Benadryl on blood pressure 
in the dog ” show that per cent inhibition of histamine plotted against concen- 
tration of drug gives a curve mth the form of the Langmuir adsorption iso- 
therm.®* A similar relationship is said to hold for the inhibition ratios measured 
on bronchi and intestinal strips, although extensive quantitative data are lacking. 
These results are in full accord %rith the competitive inhibition theory; that is, 
when the drug combines wth the receptor substance, it produces no appreciable 
effect but prevents histamine from combining with the receptor substance. 

The inhibition ratios are different on different systems. Although they -N’ery 
somewhat from drug to drug, as a crude approximation it can be said that 1 
molecule of drug antagonizes between 10 and 100 molecules of histamine on the 
isolated guinea pig intestine, and between 1 and 0.1 molecule of histamine on the 
bronchi. In the depressor experiments in the dog 100 to 1000 molecules of drug 
are required to antagonize 1 molecule of histamine The fact that the dose- 
response curves are of the same form in all three experiments argues for the same 
mechanism.** 

Uses. The principal use of antihistamine agents is for their therapeutic 
effect on nasal allergies particularly in seasonal hay fe^’er and to n lesser degree 
in perennial vasomotor rhinitis. The time and conditions of the season, the 
weather, and the concentration of the pollen and spore counts play an important 


•*Staub, Ann inat. Paatevr, 63, 485 (1939) 

** Ilalpem, ArcA. intern pharmacodtrnamie, 68, 339 (1012) 

" Arbesman, Koepf, and Miller, J. Allergy, 17, 203 (1946). 

••Wells, Morris, Bull, and Dragstodt, J, Pharmacol, 83, 122 (19-15). 

Per cent inhibition of histamine Is substituted for the amount of material adwl»ed, and 
effective concentration of drug for the concentration of inaten.il m solution. 

'* Marsh and Davis, J. Phamaeol , 09, 234 (1017). 
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part in the incidence of relief. Relief is most favorably obtained from mild 
attacks of hay fever and predominantly sneezing symptoms. Advance symptoms 
and conditions most favorable for allergic reactions diminish the likelihood of 
relief. The drugs arc of little value in the relief of nasal congestion and do not 
prevent or elTectively relieve asthmatic attacks which frequently complicate hay 
fever. Their effect is entirely palliative. 

These drugs are useful in the treatment and prevention of systemic allergic 
reactions. However, for such conditions the sympathomimetics are more ur- 
gently indicated. Usually relief is obtained from antihistamine drugs for 
allergic reactions, resulting in the use of penicillin, streptomycin, sulfonamides, 
and other drugs. They find use in the relief of urticaria, angioneurotic edema, 
and serum sickness. 

Most of the antihistamine drugs produce sedation, the individual response 
depending on the size of the dose and varying \vith the agent. This property is 
being used advantageously in several somniferous proprietary preparations. 

Diphenhydramine Hydrochloride, U.S.R. [Benadryl Hydrochloride,” 
2-(Ben2ohydryloxy)-N,N-dimethylethylamine Hydrochloride], is a white, odor- 
less, crystalline powder which is freely soulubic in water and alcohol. It slowly 
darkens on e.\posuro to light. 

In addition to its use as an antihistamine agent, it is used to relieve bronchial 
spasm. Used in full therapeutic dosage a high incidence of sedation results. 

Doxylamine Succinate, N.N.R. (Decapryn Succinate, 2-[a-(2-DimethyI- 
aminoethoxy)-a-methylben.zyll pyridine Succinate), is a cream-to-whitc powder 
which is very soluble in water and freely soluble in alcohol. 

A high incidence of sedation is evident when it is used in full therapeutic 
doses. 

Carbino.xamine Maleatc, N.N.R. [(p-Chlorobenzohydryloxyethyl)dimethyl- 
amraonium Maleatc, Clistin], is a white, odorless powder, slightly soluble in 
water, and with a bitter taste. It is reported to have potent antihistamine 
activity with a low incidence of side effects, and it shows no local anesthetic 
action, nor is it likely to produce cardiovascular or respiratory manifestations. 

Bromodiphenhydraminc Hydrochloride is the hydrochloride salt of the 
bromine analog of carbinoxamine and has similar properties. 

Chlorophcniramine RlaL-'iti'. TL® P T" ’ ’ ■" 

Chlor-Trimcton Maleate, 

propane Maleate], is a white ' \ r 

and soluble in alcohol. 

It has good therapeutic efficacy in very low dosage, and the incidence of side 
effects are few. It may be administered intravenously, intramuscularly, or sub- 
cutaneously whenever oral administration is not feasible or if absorption is not 
as rapid as desired 

Pheniramine [Prophenpyridamine, N.N.R., Trimeton, l-Phenyl-l-(2)pyri- 
dyl)-3-dimethylaminopropane] is an oily liquid which is insoluble in water but 

** The structural formulas of the salts of these antihistamines are not given. They may be 
constructed from the information given in Table XVII. 
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soluble in alcohol and in dilute acids, riicntramine Maleatc, N.F. (Trimeton 
Malcate), is a white solid which is veiy soluble in water and in alcohol. Both 
are active antihistamine agents and are efTcctive in the prevention and treat- 
ment of motion sickness. The salt has no therapeutic advantage over the 
base. 

Tripclcnnaminc Hydrochloride, U.S.P. (PjTibenzamine Hydrochloride, 
N-Bcnzyl-N',N'-dimcthyl-N-2-pyridyIcthyIcncdiaminc Hydrochloride), and Tri- 
pclcnnamine Citrate, U.S.P., are white, ciystalline powders which arc verj* 
soluble in water and freely soluble in alcohol. The hydrochloride darkens slowly 
on exposure to light. 

Both salts have a low incidence of side reactions. Gastrointestinal irritation 
is common but not severe. Stimulation of the nervous sj’stem occurs frequently. 
The citrate, more palatable than the hydrochloride for oral administration, 
othei^rise has no advantage. The drugs may be administered subcutaneously, 
intramuscularly, or intravenously when oral medication is not feasible or if a 
rapid response is desired. 

Chlorothen Citrate, U.S.P. (Chloromothapyrilcnc Citrate, N,N-DimcthyI- 
N'-(2-pyridyl)-N -(5-chloro-2-thcnyl)cthylencdiamine Citrate), is a white solid 
which is freely soluble in water and alcohol. It possesses properties similar (o 
other antihistamine agents, and no advantage is claimed for it. 

IHclhnpyrilcnc Hydrochloride, U.S.P. (Semikon Hydrochloride, Theny/enc 
Hydrochloride, Histadyl, N,N*Dimcthyl-N-(3-pyridyl)»X'-(2-thenyl)*cthylcno- 
diamine Hydrochloride), is a white, ciy'stallinc powder whlcli is verj' soluble in 
water and freely soluble in alcohol. It possesses properties similar to other anti- 
histamine agents and is claimed to have a low incidence of sedation. 

Pyrilnminc IMnlcntc, U.S.P. (Xco-Antcrg.an Maleatc, N,X-Dimethyl- 
N'-{p.methox3’bcn2yI)-N'-(2-pyridyl)ctlij’Icnedi.nminc Maleatc), is a «hitc, 
ciystalline powder which is very soluble in water and freely soluble in alcohol. 
It pas.'scsscs properties similar to other antihistamine agents and is claimetl to 
have a low incidence of scxlation. 

Mctlinplicnilcnc Hjdrocliloridr, X.F. [Dkatrine Ilydroohloride, X,X-Di- 
mclhyl-X'-(a*thcnyl)-X -phenyleth>lcncdiaminc Hydrochloride), is a white-to- 
pale-ycllow, ciy’stallinc powder which is soluble in water and sp-aringly soluble in 
alcohol. 

Mothaphenilenc hydrochlori<lo is no efTcctive nntihict.'imine agent which 
pnsses.'c.s a low incidence of side cfTect.s. It is reported to have a moderate tend- 
ency to cause irritation of the p.i.slrolntcstina! tract 

Tlicnj Idinniine Hjdrocliloridr, U.S.I*. |2-((2-DimetfiyLimjnocthyI)- 
3-thenyIam{no)pyridine ffydrocldoridcf, occurs as wfiile erj-st-afs, j., practiraliy 
o<lorlesM, and is soluble to the extent of about 1 gram in Tt ml. each of water, 
alfohol, niul rhlonifonn. 

nionrjliniiliir Iljifnieldaridr, U.S,P, (Neolietramine Myilroehloride, 
X,X-Dimi'thy|.N'-(;>-methnxyl>*‘nij I)-X -{2-pynmidyl)*eth> lent'diamine IlydrtH 
chlonde), in n white, crj’f-falline powder \'hirh veiy ?r>Iut»Ie in water and freely 
eolufde in alcohol. 
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To produce reasonable incidence and degree of therapeutic effcctivenesa larger 
doses are required as compared to most other antihistamine agents. However, 
it has the advantage that sedation is less frequent and less severe. 

Antazolinc Hydrochloride, U.S.P. [Antistine Hydrochloride, 2-(N-Benzyl- 
aniIinomethyl)-2-imidazolinc Hydrochloridcl, and Antazolinc Phosphate, 
N.N.R. [Antistine Phosphate, 2-(N“Ben2ylanilinomethyl)-2-imidazolinc Phos- 
phate], are white, crj’Stallino compounds with a bitter taste. The hydrochloride 
is sparingly soluble in water and alcohol. The phosphate is soluble in water and 
sparingly soluble in alcohol. 

The antihistamine activit}' of these two compounds is weaker than most of the 
other agents of this class but they have the advantage that they arc milder and 
less irritating to tissues. The hydrochloride may be applied topically to the 
mucous membranes of the nose to produce some local effect on nasal allei^* but 
immediate relief is rarely obtained. The phosphate is preferred to the hydro- 
chloride for ophthalmic use because it produces less smarting and stinging. 

Cyclizine Hydrochloride, N.N.R. , and Cyclizine Citrate, N.N.R. (salts 
of l-Benzhydrj’l-4-mcthyIpipcrazinc), arc antihistamine drugs, both useful for 
the treatment of motion sickness. 

Clilorcyclizinc Hydrochloride, U.S.P. (Di-paralcnc Hydrochloride, 
l-(p-Chlorobcnzh3'dr3'l)-4-mcthylpipcra2inc Hydrochloride], is a white, ciystal- 
line solid which is freely soluble in ^\ater and soluble in alcohol. 

The antihistamine activity of this product is prolonged with a low incidence of 
toxic effect. However, the systemic activity is more erratic as compared to other 
antihistamine agents. 

IMcclizinc Hydrochloride, N.N.R. (l-(p-Clilorobcn2hydrj'l)-4-(m-methyl- 
benzyl)piperazine Hydrochloride), is an antihistamine, and it depresses the 
central nervous system; it has pronounced effect against motion sickness, and it 
is useful for the treatment of nausea and vomiting associated \rith vertigo, 
M4ni6re’s disease, and radiation sickness. 

Plienindaminc Tartrate, U.S.P, (2-Mcthyl-9-phenyltctrahydro-l-pyridin- 
dene Bitartrate, Thephorin), occurs as a white, creamy po\vder wth n slight 
odor. It is practically insoluble in chloroform and ether, slightly soluble in 
alcohol, and soluble 1 g. in 40 ml. of water. 

Pyrathiazine Hydrochloride, U.S.P. {IO-[2-(l-Pyrrolidyl)-ethyl]phenoth5a- 
zine Hydrochloride}, occurs as white, or grayish-white, odorless crystals which 
are quite soluble in water, chloroform, and alcohol. 

Promethazine, see under promazine and chlorpromazine, page 436. 


PHENYLETIIYLAMINE DERIVATIVES 

In 1895, Oliver and Schaefer demonstrated that the medulla of the suprarenal 
gland elaborates a principle that is capable of producing a rise in blood pressure 
when injected into the blood stream.®* This was the first time that any phj'sio- 
logically active substance had been shown to be elaborated by a ductless gland. 

Oliver and Schaefer, J. Physiol., 18, 230 (1895). 
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The principle was subsequently isolated, characterized, and sjTithesized; it was 
called by various names, such as Suprarenin, Adrenalin, and Epinephrine. In 
the years folloTving it was assumed to be the active sympathetic mediator. It 
was thought to be a single substance. However, after some time Cannon and 
Rosenblueth suggested that (his chemical transmitter, u'hich was both excita- 
tory and inhibitory, depending on the nerve endings, indicated a mixture of what 
was called Sympathin E (excitatory) and Sympathin I (inhibitory). The former 
lias now been shown to be norepinephrine and the latter epinephrine In 1949, 
a chemical separation of the two principles was achieved.** 

Norepinephrine is the predominating substance liberated into the blood stream 
following stimulation of the S3'mpathelie nerves of the hepatic, splenic, abdomi- 
nal, and hypogastric systems; it is the predominant transmitter substance liber- 
ated at the adrenergic nerve endings. In fowls and in the whale the gland con- 
tains about 80 per cent norepinephrine and 20 per cent epinephrine. The human 
gland contains about 20 per cent norepinephrine e.xcept in cases of certain 
tumors. Norepinephrine produces bradycardia and has little effect on cardiac 
output; it raises both systolic and diastolic blood pressure. Epinephrine produces 
tachycardia, increases cardiac output, and produces a rise only in the systolic 
blood pressure.'®* 

The isolotion and recognition of the powerful physiological actions of epineph- 
rine from the medulla of the suprarenal gland and of ephedrine from various 
species of ephedra stimulated sj'nthetic chemical research This research has 
resulted in the production of a number of new organic medicinal agents uhich, 
because they have the property of causing results very similar to those caused by 
stimulation of the sympathetic nervous system, have been called “sympathomi- 
metic” drugs. They have also been called “pre^or” drugs becuase tho^' increase 
the blood pressure. 


Structure and Physiological Activity 

In this series of amines and aminoalcohoJs, on the basis of those listed and 
many others, is found one of the best-knowm correlations of the effect of chemical 
structures on physiological activity Several definite conclusions are indicated, 
namely: 

1. The optimum pressor activity (production of a rise in blood prea.sure) is 
found in those compounds in which the aromatic nucleus and the amino group 
are attached to neighboring or adjacent carbon atoms, thus Ar — C — C — N^. 
For c-vample, of the three isomoric phenylpropidaminc-s, CeHsCHfNHs)— 

*’ Cannon and RosenWueth, Am PAywot., 101,557 (1033), Ho'^nWufth. The Transmmwn 
of Sent /rnpuhfs at Ntxiroeffeclor Junettotu and Peripheral Synapses, John tfiloy & Sons, 
K V , 1050 

** Goldcnbcrg el 6l , Setence, 109, 531 (1919) 

"Auerbach and Angell, Saenee, 109, 537 (1919). 

***IVcst, J. Pharm. Pharmacol , 7, 81 (1955). 
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CH2CH3, CcH 5CH2CH(NH2)CH3, and CaHsCHaCHaCHzNHz, the second, 
which has the indicated skeleton, is the most active, 

2 . The alcoholic h3’droxyl group cither increases the activity or decreases the 
toxicity or does both. For example, benzedrine has the pressor activity of 
propadrine and its acute toxicity is three times as great; epinephrine is twelve 
times as active as is epininc. 

3 . Propadrine is typically musculotropic, and norliomo-epinephrinc is typi- 
cally sympathicotropic. Structural intermediates are shown. p-Hydroxypro- 


CHOHCn— CH, 


NHj 

Propadrine 



CHOIICIICir: 

1 

/ 

1 

Nil, 

/ ■ 

n-Ilydroiypropa<lrine 


on 

1 

CHOHCnCIIj 




/ CHOHCII— CIIj 

Nil: 

3,4>I>j>i>(lroTypropB(lrine 




NH: 

P‘1 lydrosypropadrine 


padrine is predominantly musculotropic in its method of action; m-hydroxj'- 
propadrinc is much more sympathicotropic; complete sympathicotropic activity 
appears when two phenolic hydroxy groups arc present. 

The effect of substituents other than hydroxyl in the aromatic nucleus has 
been abundantly investigated, but, of them all, only the p-amino group seems to 
hold interest, 

4 . The primary amines are more active and less toxic, generally, than the 
corresponding methylated, secondary amines. For example, norepinephrine is 
about as active as epinephrine nith the same configuration; norephedrine is 
less toxic and somewhat more active as a pressor than is ephedrine. The presence 
of the N-methyl group seems to confer on epinephrine increased bronchodilator 
properties.’”' Further alkylation, such as conversion into tertiarj' amines, or 
increasing the size of the alkyl in the secondaiy amines, increases the toxicity and 
decreases the pressor activity. Yet such compounds may possess other virtues, 
e.g., isoproterenol, which possesses bronchodilator and vasodepressor proper- 
ties.’”^ 

5 . Compounds with three carbon atoms in the side chain, such as ephedrine, 
and norhomo-epinephrine, are much more active on the circulation after oral 

•®'Pedden, Tamter, and Cameron, J. Pharmacol, 55, 242 (1935). 

Lands, Rickards, Nash, and Hooper, J. Pharmacol Ezptl. Therap , 89, 297 (1947). 
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administration than are the homologa wth only two carbon atoms in the side 
chain. Increasing the length of the chain beyond three carbon atoms affects 
adversely the pressor activity.*" However, other desirable physiological prop- 
erties appear in such long-chain analogs; c.g., stimulants udthout pressor 
activity,*" or an cpinephrinelike bronchodilator effect udthout increase in blood 
pressure, as is reported with butanefrine.*® 

6. If the aromatic nucleus and the side chain of these pressor compounds are 
separated, as in ethers of the type Ar — 0 — CH 2 CH 2 NR 2 , they become sym- 
patholytic and in dogs reverse the characteristic action of epinephrine.*®* 

It is now possible to correlate to a considerable extent the biochemical reactions 
of these compounds with their chemical structure and thus, perhaps, to explain 
the physiological responses they produce.*" The inactivation or detoxication 
may be effected in one or several of the follouing ways: 

1. IMonoamine Oxidase System. This enzyme appearing in the liv’er pro- 
motes the oxidation of primary carbinamincs, as ammonium ions, accord- 
ing to the general equations: 

RCHiNHa Oj RCH^NH* -b H,Oj 

RCH=NHi -b HjO RCHO + NH* 

or if the amine is secondary: 

RCHjNHiCH, 4- Oi RCII=fSHCH, + 3i:0 
RCH=NHCHi + H,0 RCHO + NHjCH, 

This system is undoubtedly responsible for the complete and prompt degra- 
dation of substances such as isoamylaminc ond P-phenethylamine, and partly 
for tyramine Secondary carbinamines, such as ephedrine and benzedrine, 
arc refractory toward monoamine o.xidasc and arc, except ns mentioned be- 
low, excreted unchanged. 

2. Cytochrome and PhenoIn«c Systems. Tyrofeina.sc, for c.xampic, «ill 
oxidize a compound containing a para phenolic hydroxyl group to a catechol 
derivative. This (Miihydro.xj'bcnzenc is oxidized to the corresponding o- 
quinone, which may, under the influence of the enzymes, act in several way.s: 

'"’Ilartung, Ind Eng Chem , 37, 12C (1915). 

Rosenmund and Karg, Ber , 7S, 1850 (1942). 

‘“Sutcr and Ruddy, Am Chtm 5«r , 66, 747 (1944) 

"**Irfvy and ONzjcka, Compt. rend loe btol, 119, 899 (1935), C.A , 29, G049 (1935). 

For more comprehensive dtscassions of this subject two reviews may be consults, nr., 
Bojer, Phj^xolngxcal Rcrievs, 26, 1C9-197 (1916) and Ifartung, Annual Ilmrvof BiochfmUlry, 
13, 503-610 (19JG). 
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a. e.g., a derivative of primary carbinamlnc 



NIIj 

o>Quinon« of (j’ramine Indole deriretive 

b. The quinonc may oxidize a secondarj' carbinaminc: 

n I + Ar— CH,— CH— Clla , 1 | + Ai— CHr— C— Cfli 

1 II 

NHj NH 


Ar— CHj— C— CHj -f HjO 

!1 

NH 


Ar— CH*— CO— CII, + NH, 


These mechanisms explain the degradation of many phenolic derivatives and 
of some nonphcnolic secondary carbinamincs. 

3. Ascorbic-dehydroascorbic Acid System, The reaction may be summa- 
rized: 


CO 1 

I 

0=0 

0=0 0 d- Ar— CHj— CH— CH* 

I I I 

HC 1 NH, 

I 

HOOH 

I 

CH,OH 

Dehydroascorbic ocid 


CO- 


C— OH 

11 

C— OH 0 + At— CH?— C— CH, 

I I 11 

-J NH 


HC — 

I 

HOCH 


CH:OH 

Aacorfaie ftcid 


This explains the major part of the degradation of secondary carbinamincs, 
i.e., ephedrine, propadrine, benzedrine, etc., observed in vivo. 

4. Epinephrine and cobefrinc, suitable substrates in vitro for appropriate 
enzyme systems, are probably detoxified by esterification of a phenolic 
hydroxyl group with sulfuric acid. This appears to be true for such of these 
compounds as are administered. It is not unlikely that the epinephrine nat- 
urally elaborated by the suprarenal medulla is converted into adrenachromc 
(see Indole). 


Products 

Epinephrine, U.S.P. [Adrenalin, Suprarenin, l-(3,4-DihydroxyphenyI)- 
2-methylamino-l-ethanol], may be isolated from adrenal glands or it 
may be prepared synthetically. It occurs as white-to-light-bro;vn, odorless 
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microcrystals, which are sensitive to light. In the official product not more than 
about 4 per cent may be norepinephrine. The synthesis of epinephrine is sum- 
marized in the equation shown. 






Norepinephrine Epinephrine 

Eseh product may be reaotved into ito and tn».Totatory fomu 


Epinephrine is important historically as the first hormone to be isolated and the 
first of which the structure was proved by synthesis. By means of C** it has 
been possible to show that it is formed tn wro from phenylalanine.*” 

The lovo and racemic compounds are the only ones used in medicine. Dilute 
aqueous solutions deteriorate with the formation of red-to-brown color and loss 
of activity. Such solutions are partially stabilized by chlorobutanol and by re- 
ducing agents, e.g., sodium bisulfite. 

Epinephrine is used to cause a rise in blood pressure from stimulation of the 
vasoconstrictor mechanism of the systemic vessels and of the accelerator mech- 
anism of the heart. It is used locally to arrest hemorrhage and to enhance the 
activity of local anesthetics. It is used hypodermically to relax the bronchial 
muscle in asthma and in anaphylactic reactions, and intravenously to tide the 
patient over acute circulatory collapse 

The action of epinephrine upon intravenous injection is of short duration since 
it is rapidly destroyed in the body. It is practically inactive when administered 
orally. Epinephrine is employed in solutions of from 1:15,000 to 1:1000 in 
water or oil of the hydrochloride or free base, respectively. It is also used in the 
form of ointments and suppositories in 1 ; 1000 parts. 

Norcpincplirinc, also known as Artcrenol, ns already mentioned, occurs 
along with natural epinephrine and lias been identified with Sjinpathin E 
Excessive amounts have been identified in certain tumors, as in the glia tumor of 
the brain ‘®* and in phcochromocytoma.*'” As a pressor agent it is about as 
active as epinephrine, but its action on the rat utems is much feebler. 

Gurin and Dellu^*a, FedtmtitTn Proe , 6, 257 (10-17) 

••• RQlbrtnc, Philpol, and Basanquot, Lantet, 261, SG5 (1953), C.A , 17, 7639 (1053) 

‘"v. Euler. Lund, Olsron, and SandLlom..Scawl J. atn. d- Lab InrfiL.S, 123 (1953); C^.. 
47, 114G9 (1953). 

«“ Head and West. J Comp PalAol , 6S, 3C6 (1055); , 50, 2S14 (1050). 
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Lcvartcrcnol BitartralCy U.S.P. (Lcvoplied Bitartratc, (— )ArtcrenoI 
Bitartrate], is synthesized according (o the reactions indicated.*'* It is a white, 
crystalline powder which is freely soluble in water and slightly soluble in 
alcohol. 

Its action differs clinicallj’ from that of epinephrine in that it functions as a 
sympathetic mediator of peripheral vasoconstriction whereas epinephrine acts 
as an overall vasodilator but raises blood pressure by increasing cardiac output. 
It is similar in activity to Phenylephrine ami other synthetic pressor amines 
which are preferred to epinephrine in hj'potcnsivo states caused by central 
vasomotor failure and peripheral circulator3' collapse. 

Levartercnol bitartratc is used to maintain blood prcs.sure in acute hypotensive 
states resulting from surgical and nonsurgica! trauma, central vasomotor de- 
pression and hemorrhage. It is administered intravenously by infusion in iso- 
tonic sodium chloride, 5 per cent dextrose, human plasma, or whole blood. 

Isoproterenol Hydrochloride, U.S.P. (Aludrine Hydrochloride, Isuprel 
Hydrochloride, l-(3,4-Dihydrox>’phcnyl)-2-isopropylnmino-l-ethanol Hydro- 
chloride], is the salt of a sympathomimetic amine in which the presence of a 
larger alkyl group on the nitrogen atom substantially eliminates circulatory 
effects, except possibly for tachycardia. It may be administered si:blingually or 
by oral inhalation for treatment of asthma. It is effective in cpincphrine-fast 
patients. Its principal effect is on the bronchi. It has lass pronouncc<l action on 
the smooth muscles than does epinephrine. 


CH, CIIj 

V 

I u 

CH— CH,— Nil X- 

I 

H 

Isaprot«renol hydrochloride X~ — Cl” 
IsopropyUrlerenol »ulf«t« X — H(SO» 


HO 


OH 

I OH 


Isopropylartcrcnol Sulfate, N.N.R. (Isonorin Sulfate, Norisodrine Sul- 
fate), forms w’hite, hygroscopic crystals which are freely soluble in water and 
slightly soluble in alcohol. It is ii.«?cd for the same purposes as is the correspond- 
ing hydrochloride. 

Methadren (Methyladrenalin, N-methylepinephrino) like its racemate re- 
quires 0 125 to 0.150 mg. per kg. (in ncmbutalized rabbits) to produce a rise in 
blood pressure equivalent to that obtained with epinephrine at a dose level of 
0.005 mg per kg. Intravenously to dogs it was active as epinephrine. In 

inhibiting gastrointestinal activity it w'as from >^0 to as effective as epineph- 
rine Its glycogenolytic activity is only slightly less than that of epinephrine. 
The lethal dose was 5-6 mg. per kg intravenously to rats, and 2.r)-3 7 mg. 
per kg intravenously to rabbits.*” 

Langenbeck and Fischer, Pharmazte, S« 66 (1950). 

Stutzman and Orth, J. Pharmacol Bxptl Therap , 69, 1 (1940). 
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Phenylephrine Hydrochloride, U.S.P. (Neo-Synephrine Hydrochloride, 
Isophrin Hydrochloride, (-)l-m-Hydroxyphenyl-2-methylaminoethanol Hydro- 
chloride), is prepared by the sequence of reactions show. It occurs as white, or 


— CO— CHjBr 

0 

t 

CHjCeHs 



i. nhk:h| 


2. rr^uctioa of kttone 
and debeniytation 
3 molution 



nearly white, crystals which are freely soluble in water and in alcohol. It is 
relatively stable in alkaline solution and is unharmed by boiling for sterilization. 

It is an active vasoconstrictor and a vasopressor when administered orally. It 
is relatively nontoxic and when applied to mucous membrane reduces swelling and 
congestion. 

It is used to relieve nasal congestion resulting from disorders of the respiratory 
tract such as sinusitis, vasomotor rhinitis, and hay fever. It may be used also for 
certain hypotensive states duo to circulatory collapse, as a mydriatic for the eye 
preliminary to fundoscopic examination, and for its pressor and antiallergic effect. 

Halostaehinc (l-Phenyl-2-methylammo-l-ethanol), CeHj — CHOH — CH 2 — 
NHCH 3 , m.p. 43-45®, has been isolated from Holostachis caspica 

Ephcdrinc, U.S.P. (D-eryJftro-l-Phenyl-2-melhylamino*l*propanol), CaHj — 
CHOH — CH — CH 3 , was first isolated from various species of Ephedra 

NHCH 3 

An interesting synthesis of (— )-cphodrinc, of the same configuration a.s that 
found in the plant, depends, first, on the Qrnthesis of (— )*phcnylacetylcarbinol, 
Cells — CHOH — CO — CH 3 , by the fermentation of sugar through the action of 
the enzjTne carboligasc of yeast in the presence of bcnzaldehyde; second, the 
keto-alcohol is allowed to react with mcthylaminc, and the product is reduced 
catalytically by means of an activated aluminum or platinum catalj'st."* 


C«n»CIIO + sugar 
CelU— CIIDU— CU— CII,+ NHiCII, 


C«Ht— CHOH— COCII* 

»( — JPhenj l*r<t> lc«rhinol 


. C,II*— CHOH— CH— CM, 
NHCII, 


Ephcdrinc simulates epinephrine m action. It.s pressor effects and it.s local 
constrictor effects are more lasting than cpinephnne It is active uhen given 
orally or systomically It is Used to cause a rise in bloo<l prc-ssure, to dilate the 

'** Men«l»Wov nml llulnn^tpin, J Ctn Chrm. II), 13. 801 (11M3); C.A., 39. 1172 

(1915) 

'“U S pit l,9.')r.,950. CA . 2a, 4072 (IMt), U. S p^t 1.902,470. CA., 28, 4S3I (1931) 
NcuIxtr. Hirsch, onA Hem*. Dioehrm tlS.2S2 (1921). 128, CIO (1022). 
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bronchi and pupils, and to contract the capillaries on mucous membranes in 
rhinitis, sinusitis, asthma, hay fever, and urticaria. Salts of ephedrine are active 
when given orally, intramuscularly, intravenously, or by other means. The 
base or its salts may be used in oil or aqueous solution as a spray in to 2 per 
cent solution. The base, hydrochloride, and sulfate, and several preparations 
containing these salts are official. 

Racephedrinc Hydrochloride, N,F. (Racemic Ephedrine Hydrochloride), 
may be prepared by the catalytic reduction of l*>phenyl-l,2-propanedione in the 
presence of methylamine.“® It occurs as white coastals or powder which is 

C.Hj— CO— CO— CH, + CHjNHi - "' - "I'*™ C.H,— CHOH— CH— CH, 

(PlOi) j 

NHCHj 

RAcemic ephednne 


affected by light. It is freely soluble in water and soluble in alcohol. 

The differences in pharmacodynamic properties of Dj>ephedrine and its com- 
ponent d(— )-ephedrine are not too great, producing peripheral effects similar to 
those of ephedrine. It is used locally to dilate the pupil of the eye and to relieve 
congestion of the nasal passage in rhinitis and sinusitis. In some instances it is 
useful in asthma, and it may be used in hay fever and urticaria. It may be useful 
also in certain types of hypotension but is of no benefit in shock, circulatory 
collapse or hemorrhage. 

Phenylpropanolamine Hydrochloride, N.N,R. (Propadrine Hydrochlo- 
ride, Dirl-Phenyl-2-amino-l-propanol Hydrochloride, Norephedrine Hydrochlo- 
ride), is prepared according to the reaction sequence shoTvm. It is a pressor 
drug which acts similarly to ephedrine. Applied locally to shrink swollen mu- 


CaHsCOCHjCH, C«H,-CO-(>-CH, 

NOH 


Fropiopbenone laonitrosopropiophenoue 

CsHr- CHOH— CH~CH, 
NHsCl 


(±)Propadnjie hydrochloride 


cons membranes, its action is more prolonged than that of ephedrine. It is Jess 
toxic than ephedrine, with less stimulation of the anxiety complex. It is used as 
a 1 per cent solution, as a 0 G6 per cent jelly locally, in solution as a spray and in 
drops. It is active when given orally. 

Nylidin Hydrochloride, N.N.R. (Arlidin, Dilator, Dilatal, l-(p-Hydroxy- 
phenyl)-2-(I-methyI-3-phenylpropyI)amino-l>propanolJ, P-HOC6H4 — CHOH 
CH — NH — CHCHaCHaCeHs, is reported to be a superior vasodilator, useful 

CH3 CH3 

for the treatment of patients with peripheral vascular diseases.*”’ 


Sunagawa and Okuda, J. Pharm Soe. Japan, 72, 117 (1952), C.A., 46, 11146 (1952). 
Chem. Eng Netes, 33, 2896 (1955). 
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Metraminol Bitartrate, N.N.R. (Aramine Bitartrate, (— )-l-m-Hydroxy- 
phenyI-2-amino-l-propanoI Bitartrate], a sympathomiroetic, is employed as a 
nasal decongestant and for the treatment of nasal edema caused by the common 
cold. The synthesis starts from an optically active acyloin prepared by the 
fermentation of sugar in the presence of w-hydroxybenzaldehyde. 


HO 




■CHO + sugar 


HO 



Amphetamine (Benzedrine, l'Phenyl»2*ominopropane) is synthesized from 
phenylacetic and acetic acids according to the reaction sequence shonm. It is a 


CgH*CH*COOH + CHjCOOH 


MnO( 


C«H»CH*COCH, 


(vtporpbtM) 

CH, 

C.HiCH^CHNH— CHO 


ItCONIIi + HCOon 


CH, 


noH 

(acid) 


C»HtCIIr“CH— NH, 

Amphetamine 


colorless, mobile liquid which volatilizes slowly at ordinary temperature. It 
absorbs carbon dioxide from the air to form the carbonate and its solutions are 
alkaline to litmus. The free base and its carbonate are volatile and are used by 
inhalation to shrink the nasal mucosa and relieve congestion in such conditions 
as the common cold, hay fever, asthma, and to decrease secretions in rhinif is. 

Amphetamine Sulfate, U.S.P., and Amphetamine PJiosphalc, N.N.R. , 
are two salts of amphetamine which share the action and uses of tlio base. The 
sulfate IS used orally as the powder, elixir, or tablets to stimulate the central 
nen’ous system in n.arcolcpsy, in treating certain psychogenic deprc.ssive condi- 
tions, alcoholism, etc Its most extensive use therapeutically is to treat certain 
depressive conditions, in particular those characterized by apatliy and psycho- 
motor retardation. It is also used in the management of obesity. 

Amphetamine phosphate has the same activity and is used for the same pur- 
pose as ampfietamino sulfate It.s only advantage Is that it has gre.atersoIul)ifi(y, 
and this property is useful only in the preparation of solutions for injection. 

Dcxcdrinc Sulfate (D-Amplietamine Sulfate, d-Benzedrinc Sulfate) is the 
dextroisomer of Ampfictemine Sulfate, [/SJ*, The two optical i«omcrs possess 
marked difTcrcnces in physiological activity. The Icvo form poscc.sses better 
pressor activity but poorer analeptic actiWty; the dextro form h.a.s opposilo 



230 


THE CHE^rISTRY OF ORGANIC MEniCINAT, PRODUCTS 


effects; that is, it is a better analeptic agent and a poorer pressor agent. Thus, 
Dexedrine sulfate is used primarily for conditions requiring central nervous 
system stimulation. 

Methamphctamine HydrochloridCf U.S.P. (Desoxyephedrine Hydrochlo- 
ride, (+)l-Phenyl-2-methylaminopropane Hydrochloride), is prepared as shovn. 

CH 3 

III I 

CeUfiCHsCOCHs + HaNCH, - — ; > CeHsCHaCH— NHCHs 

(rslalytii') 

Haremie nipthampheUmine. 
rpsolveci Uiroiieh tartrate salt 

It occurs as white crystals or crystalline powder which is freely soluble in water 
and alcohol. 

The activity of methamphetaminc is qualitatively similar to that of amphe- 
tamine, but differs in degree; its circulatory activity is slightly less but its stimu- 
lating properties slightly greater. It is used orally to treat narcolepsy and mild 
depression. It is used also as an adjunct in the treatment of obesity by allaying 
hunger pains and in the treatment of alcoholism. 

(— )-Desoxyephedrine is reported to have about equal circulatory activity as 
the (+)isomer but to be less stimulating on the central nervous system. 

Hydroxyamphetamine Hydrobromidc, U.S.P, [Paredrine Hydrobromide, 
l-(p-Hydroxyphenyl)-2-amInopropanc Hydrobromide), p-HOCeHiCHjCHCHa, 

NHaBr' 

is a white, crystalline solid which is very soluble in water and freely soluble in 
alcohol. 

Paredrine Hydrobromide has general properties similar to other sympathomi- 
metic amines. Studies in animals indicate that it is less toxic than epinephrine 
and amphetamine. It lacks the ephedrinelike central stimulation. For topical 
application it is about twice as active as ephedrine, quicker in its response, and 
less irritating. 

Phenylpropylmethylamine, N.N.R. (Vonedrine, l-MethyIamino-2-phenyl- 
propane), CeHs — CH — CH 2 — NHCH31 is a colorless-to-pale-yellow liquid 

CHg 

which is very soluble in alcohol and sparingly soluble in water. 

Vonedrine is a volatile base and thus may be inhaled to produce nasal con- 
striction It is claimed to produce no irritation, central nervous system or 
cardiovascular stimulation. It is primarily used for nasal constriction by inhala- 
tion. 

Phenylpropylmethylamine Hydrochloride, N.N.R. (Vonedrine Hydro- 
chloride), is used chiefly in isotonic solutions for topical application as a local 
vasoconstrictor. 

Mephenteramine, N.N.R. , and Mcphenteraniine Sulfate, N.N.R. , are 
the free base and the sulfate, respectively, of l-phenyl-2-methyl-2-methyl- 
aminopropane (Wyamine). They are sympathomimetic agents, reported to be 
less toxic than amphetamine. 
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Meplienteramine may be synthesized bj' the accompanying scriucncc of re- 
actions: 

cn, 

CeH.CIIsCl + {CH,),CHCOCeH» C,H*Cn.CCOC,H. 

( 

CH, 


cir, 

t 

CeUtCH-CCONn. 

1 

CH, 


ctr, 

} 

-> r,lUCJ!.CN'H. 

” I 

CH, 


cir, 

iiciio _ , ) 

> CdUrJIsC’NHCH, 


CH, 


Mellioxypliciinmino Ihdrocbloridc* N.N.U. (Orthoxine Hydrorhlorifie, 
2 -(o-i\Iethovi 7 )honyl)i'iopfop 3 'lmcih 3 *laminc H^'drocJiloride), is a sj'mpathomi- 
metic wiioso predominant actioms are bronchotlilation nnd inhibition of bmooth 
muscle spasm. It h.as vco' i'ttle effect on the Wood vcfif^eh, and ita pm^or 
activity is considerably Ic.-ii tiian that of ophednne or ej>mcpljrinc. It is useful in 
the treatment of asthma and effective in allergic rhinitis, nenfe urticaria, anrl 
gnslroinfcstinal allcrgj*. 


OCH, 


>-Cir,-CfI-.VHCfI,HCI 

I 

CH, 




OCII, 

6 


OH 

I 

CH- CH-NH, lin 


) 

OCH, 


CH, 


Mrt].o<aniln» lijdrari 


Melltnvniniiic IfjdrocIilonMe, IJ.S.1*, (Va'-ox.vl IIj'(irochIf»riiIe, 2-f2,5-I>i- 
m«-thov 3 phcnyl)-l-nmmf>- 2 -prupanol ny<ln>chlori(li’l, is n i«.vjnpntbt>mim<'lir 
tigi’iil «hicli exhibits penpliorni vasiM’onstriction chanictcri^iic of nfJirr 
of tins gnitip, but unlike other pn*s.-<or amines it deen-n'OM heart raten-^ the WcnuI 
pn*>v-uro incn'.t'Cs It lentls to elow venlrietilar rale Iriil it ilix's not |irt»Iijre 
ventricular tncli.veanba, fibriHation. or incrraMxI finoaunnilar rale It »s fn-e of 
cx'n'brat-f'timulatitig action 

It IS lorti pnmanly In conjuncliun with ejiin.nl aiic'ihr'i.i ihinng Mirgerx* to 
m.nint.ain or rr^tiirc ndtsjnale blts»l pn-’om* ]t Is nbo as an ndjunct in the 
trenlinenl of liyjMii«Ti*jori ri-s-'ori-ilisi with lirmorrlwRc, trauma, and 

Smer Mmple nh(>li.afir nniiiies rxliibit vavK^mstnetor jirop<Tli«’s (j»igc I.HJ), 
•iinibr rfrerts niav Is- rxjxrlfsl from li>*i{r(nrom.nlir dcriiatnr-i of the nni* 
phctamirie f>ix’nii'l fonn their amiJogs 

('xcIopciitBintue IfjilrtK'Iilorlile, ((lujnoe IH drtw'lilorj.If.^ l-( jrl-H 

Ix-fiJ>I*2'm« lh\l-mnriojirit>jinn'* II\«ln»rhI«iri<!r), «nip',thonJirne|irftj^,.fit nitfi 
nnd nrlKins rhirar!» n*Jic *>f ofbrf nmine^ h j»r<»bjcr-. 

»lnrt<>r nrti^jtv and •'\*trmic {»r»~—*ir rffn-t to rJ>Jieifrine ti*ij wjjJj ,.r,Iv 

'Iifjit rrfxit.ra! rxrifatojr, it m fnorr rffortivr tlun 
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It is used topically for temporary relief of nasal congestion. It is administered 
by injection as an adjunct for maintenance of blood pressure in operative pro- 
cedure and cardiovascular collapse where drugs of this type are not contra- 
indicated. 



CHr-CH— CHa-HCI 


NH— CHj 


Clopane hydrochlori<)e 


NHCHj NH— CHj 


Propylhexedrine, U.S.P. (Benzedrex, l-Cyclohexyl-2-methylaminopropane), 
shares the uses and actions of similar volatile sympathomimetic amines. It has 
only one-half the pressor effect of amphetamine but produces decidedly less effect 
on the central nervous system. 

It is used primarily by inhalation for its local shrinking effect on the nasal 
mucosa to relieve nasal congestion. It is useful in common cold, allergic rhinitis, 
or sinusitis. 

Hydroaromatic compounds of this type may be prepared by the hydrogenation 
of the corresponding aromatic amines."* 

IMecamylanunc (Inversine, 3-Methylaminoisocamphane) is a ganglionic 
blocking agent which is reported to be active after oral administration against 
hypertension."* 



AMINO ETHERS 

See: Diphenhydramine, page 218; Doxylamine, page 218; Carbinoxamine, 
page 218; Benztropine, page 391. 

Gallaminc Triethiodide, N.N.R., is a trisquatemary ammonium compound 
and triether of pyrogallol of the structure shown. It possesses curarelike prop- 

Q j|OCHjCH,N(CjHs)s 
loCHjCHjNfCiHOi 
L OCHjCHjN+(CjH6)j 

Gsnaimne tnetluodtde 

erties and relaxes the skeletal muscles; it provides complete muscular relaxation 
during such procedures as surgery and intubation. 

‘’*Zenitz, Macks, and Moore, /. Am Ckem Soc , 69» 1117 (1947). 

Moyer el al., Proc. Soc Exptl. Biol. Med, 90, 402 (1955) 
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Prninoxinc, (Tronothane, 4-n-ButoxyphenyI-morpholinopropyl Ether) 
CH2CH2 
/ \ 

p-n-C 4 HoOC 6 H 40 CH 2 CH 2 CH 2 N 0, Is an effective local anesthetic for 

\ / 

CH2CH2 

local applications. It is recommended for treatment of pain in rectal, vaginal, 
and other mucous membranes and for a variety of dermal conditions, such as 
itching. 

Compounds of type Il2NC0H4O(CH2)nO(CH2)nOC6H4NR2 schistosomi- 
cidal, showing greatest activity when n = 7 or 8; they make parasites more 
amenable to phagocytosis.”® 


AMINO ALDEHYDES AND KETONES 

It was assumed that the oxidation of choline with concentrated nitric acid 
+ 

formed an aldehyde, (CH 3 ) 3 NCH 2 CnO, w’hich was mistakenly identified with 
the toxic principle of the toadstool, Agaricus tnuscarius; hence it was called 
muscarine. Acetals of this aldehyde have now been prepared and found to ex- 
hibit muscarinelike action. The most active of a large series of such acetals was 


that prepared with propylene glycol, 


(CH3)3NCH2CH<^ 


.OCHCH 3 

I 

‘OCH2 


I-; the 


iodide administered to a dog at dosage levels of 0.002 mg. usually proved fatal, 
and 0.001 mg. produced considerable lowering of blood pressure.”* 

An unstable, natural poison from mushrooms was later isolated and found to 
give for the salt the formula CsHi802NCl; (aJo = +1.57^ Its properties are 
best explained by an aldehydic quaternary ammonium structure *” as show'n. 


CHjCH,— CH-CH— CHO 

I I 

OH +N(CH,), 

Methadone Hydrochloride, U.S.P. (Adanon Hydrochloride, dl-G-Di- 
methylamino-4,4-diphenyl-3-heptanone Hydrochloride) is prepared as shown 
on page 234 The hydrochloride is a white, crystalline powder which is soluble 
in w'ater and freely soluble m alcohol It is incompatible with alkaline solutions 
and with Syrup of Wtld Cherry, U£.P. The racemate has been resolved; it and 
its isomers have about the same toxicity in laboratory ammals, but the analgesic 
and morphinelike activity are exhibited chiefly by the (— )-isomer. Methadone 
is 3 to 10 times more toxic than morphine and 2 to 3 times more than demerol, the 
toxicity varying with different species of animals, but its analgesic effect is about 

Raison and Standen, Bnt. J. Pharmacol , 10, 191 (1955), C A , 49, 13525 (1955) 
Foumeau el al , Ann pharm frang , 3, 114 (1945), C.A , 41, 92 (1947) 

K5gl, Duisberg, and Erxieben, Ann , 489, 156 (1931) 



234 


THE CHEMISTRY OF ORGANIC MEDICINAL PRODUCTS 


CHs— CHCl— CH2N(CH3)2 CHj— CH CH 3 

• \+/ 


CHs— CH— N(CH3)2 

I 

CHjCl 


•Cl 


N 

. / \ 

CHj CHj 

CN 

/ 

(C3H6)2C 

I 

CH 2 CH— N(CH3) 


(CeHOsCHCN 


(NaNIIz) 


+ (C6H5)2C 


CN 

/ 


CeHs CN 

\ / 

C 

/ \ 

CeHs CH 2 — CH— N(CH3)2 

I 

CH, 


CHi 

CjIUMrX null 


CH 

/ \ 

CHa CH2N(CH3)2 


HQ 


C«H 3 COCH 2 CH 3 

\ / 
c 

C6h/ CHi— CH— N(CH3)2-HC1 

CHi 

Methadone 


2 to 10 times greater than that of morphine and dcmerol, respectively, so that it 
has a reasonably wde margin of safety. 

The levorotatory isomer of methadone, (ajo * = —128®, possesses fifty tiroes 
the analgesic action of the dextroisomer in man; it produces greater narcosis, is 
25 times as depressant to the respiration, and C5 times more stimulating to the 
duodenum.’*’ 

Methadone is administered 01 ally in the form of the syrup or tablets or by 
intramuscular or intravenous injection of an aqueous solution to control pain and 
suppress coughing. The drug may cause addiction in man, and it is classified as 
a narcotic. 

Methadone, after subcutaneous or intramuscular administration, is probably 
completely absorbed. By using the drug labeled with C*^ it was found that about 
a third is eliminated via the urinary tract and the remainder in the feces.'*’ 


Amino Sugars 

Amino sugars arc \videly distributed in nature, appearing as components in the 
mucoproteins, in bacterial polysaccharides, in hyaluronic acid, in heparin, m 
chitin, in various blood group substances, and even in antibiotics.'*’ Usually they 

Scott, Robbins, and Chen, J Pharmacol. Exj^. Tkerap , 93, 282 (1948). 

Elliott, Chang, Abdou, and Anderson, J. Pharmacol Expll. Therap , 95, 494 (1949). 
Kent and Whitehouse, Biochemistry of the Aminosvgars, Academic Press, New York, 1955. 



Al\lINnS AND AMINH DEHIVATIVrS 


235 


are aminohexoses and space isomers of CH 2 OH— (CHOH) 3 — CHNH 2 — CHO, 
and they exhibit many of the properties that characterize sugars. 

Chitosnminc (o-GIucosamine) is a hydrolytic product of chitin. It is also 
found as a component of the carbohydrate portion of blood group A specificity.’” 

Chondrosnminc (Galactosamine) is a constituent of cartilage.’^ 

l.^N-Methylgluco«aminc has been isolated from streptomycin (sec page 
488). 

a-D-GIucosnniinc has been identified a.s n hydrolytic product of strepto- 
thricin and streptolin 

Heparin Sodhinit U.S.P., is an anticoagulant usually obtained from the 
lungs or livers of domesticated animals. It.s anticoagulant action seems to be 
produced in conjunction with thrombin. 

Purified heparin has been isolated as the barium salt. It has a molecular 
wei'gfit of about 20,000. It is polj'saccharide in nature, and is characterized by 
the fact that half of the hexose units are n-glucosamine. The chemical structure 
is a repetition of the four hexose units as shown.’** 



ChitMan, 

$«dium hfptriniU a 


The sulfamic acid groups in heparin arc essential for anticoagulant activity, 
for it is found that sulfamation of chitosan confers upon this polygliicosamine 
anticoagulant properties.’** 

AMINO ACIDS 

Compounds containing both an amino and a carboxylic acid function are most 
important from a vital point of view; this is true especially of the a-amino acids. 
They are the building blocks from which proteins are formed. As far as their 
chemical properties are concerned, these amino acids exhibit the properties 
characteristic of both the carboxyl and the amino group, these need not be re- 
viewed here Some amino acitls which have been isolated from natural sources 
are listed in Table XVIII. 

Because of the complex nature of proteins and the difficulty in separating the 
individual components it was quite impossible to learn much about the dispensa- 
bility and indispensability of the individual amino acids. Beginning in 1930, 
Bray, Henry, and Stacy, Btochem J , 40, 124 (1946) 

iSoc, 78, 4817(1956). 

m- m 5oc, 72, 5796 (1950). 

Doezi, Fischman, and King, .7 Am Chtm A'oe, 75, 1512 (lli53) 
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TABLE XVIII 

Some NATunAU.T OccuRniNO o-Amino Acids 


Structure 

Name 

Melting 

Point 

*C. 

Boiling 
Point 
' of 
Ethyl 
Ester 
®C. 

W^in 

Water 

NHr-CHjCOOH 

Glycine, 

aminoacetlc acid 

230 (d) 

62.10 

inactive 

CH— CH— COOH 1 

1 

NH, 1 

{+)-Alanine, 

o-aminopropionic 

acid 

297 (d) 

48.11 

+2.7 

Me,CH— CH— COOH 

I 1 

NH, ' 

(+).VnIine, 

a-aminoisovaleric 

acid 

316 Cd) 

03.6, 

+6.42 

MciCHOHi— CH— COOH 

1 

NH, 

(— )-Leuclne, 
o^minoisocaprole 
acid 

293 (d) 

83.5i, 

-10.35 

Et 1 

\ 

CH— CH~COOH 
/ 1 

Me NH, 

(+)-l6oleuclne, 
a»am!oo-/5-inethyI» 
valeric acid 

280 (d) 1 

O0-92u 

+11.3 

CH, (CH,),— CH— COOH 

1 

NH, 

Nor-lcucine, 1 

a>aroiQocaproic 
acid 




NH,(CH,)r-OH— COOH 

1 

NH, 1 

(+)-Ly8ine, 
a-aroiQO*<-«mino> 
caproic acid 



+14-16 

HO— CHr-CH— COOH 1 

1 

NH, 

(— )-Serine, 
tt-aminotf-bydroxy- 
propionic acid 

228 (d) 


-6.83 

CH,CH(OH)CH(NH,)COOH 

1 

Threonine, 
a-ajnlno-/J-hydroxy- 
butyric acid 




C.H,CH,— OH— COOH 

1 

NH, 

( — ^-Fhenylalanine, 
or-'amino-^pbenyl- 
propionic acid 

283 (d) 

U3iii 

-35.1 

p-HO— CeH^CH* 

1 

NHr-CH— COOH 

( — )-Tyrosine, 
o-amino-fl-(p-hy- 
dro^rpbenyll-pro 
pionic add 

316 (d) 


-8.64 

HOO 0— CH,— CH— COOH 

1 

NH, 

(— I-Aapartic, 
aminosucciRic acid 

271 (d) 

126.5,, 

-2.37 



AMINES AND AMINE DEHIVATIVES 


237 


TABLE XVm— Continued 
Some Naturau-y Occurring «-Amivo Acids 





Boilin 

g 



Meltinj 

Point 
’ of 

[a] D° in 


Name 



“C. 

Ethyl 

Ester 

Water 





®C. 


HOOG— CH,CH,-CH-COOH 

(+)-GIutamic, 

213 (d) 

140.10 

+30.0* 

1 

o-omiooglutanc 




NH» 

acid 




HOOG— CH,— CHOH 

(+)*Hydroxyglu-> 

135 

— 

+0.8 

1 

tamic. 




NHr-CH— COOH 

«r-amm(HJ-hydroxy- 
glutaric acid 




CHr-CH(NH,)-COOH 

1 

(— )-Cysline, 
di-<t-amiQO-/9-tbK>> 

25S (d) 

“ 

-215 5 

S 

propiooic acid 




S-CH,— CH(Nn,)-COOH 
CHr-5— CHjCH,-CII-COOn 

1 

(— )>MetliioDiDe, 
«*ainlno-y*ni«tbyl« 

253 (d) 

dec. 

-7.2 

NH, 

tbiolbutync acid 




EiN-c-nh-(Ch,)h:h-cooii 

(+)-A^iiune, 

207 (d) 

— 

26.5 

II 1 

a*aizuoo*^*guaiudj> 




NH NH, 

Dovaleric acid 





(— )-'IVyptophan, 

298 (d) 

— 

-82.1 

0 C5 G— CHr-Cn(NII,) 

propiooic acid 




C C C COOH 





^O^NH 





HC=C— CH,— CH— COOH 

1 1 1 

(— )-niBtidine, 

cr^mino-i^'imida- 

155 (d) 

— 

-39.7 

N NH NH, 

toIepropioDic acid 




\/ 





CH 





U,C CH, 

] 1 

(— )-Proline, I 

l^rrolidine-«'<ar- 

210 (d) 

78.10 

-84.9 

H,C CH— COOH 

boxylic acid 




\ 

/ 





NH I 
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TABLE XVIII — Continued 


Some Naturally Occurring o-Amino Acids 


Structure 

I 

1 Name 

Melting 

Point 

“C. 

Boiling 

Point 

of 

Ethyl 

Ester 

*C. 

Water 

HO-CH CH, 

1 1 

HiC CH— COOH 

\ / 

NH 

(— )«Hydroxypyroline, 
i Y-hydroxypyrroli- 
dine-a-carboxylic 
acid 

270 (d) 


-80.6 

I 


Th)froxine, )J-|3,6-di- ' 
ic>do-4-(y,6'-diiodo- 

- 

- 

- 

1 

I 

1 

I 

1 

NH, 

4'-hydroxyphenoxy) 
phenyll-o-amino 
propionic acid 

' 

- 

- 


however, Rose and his co-workers resorted to feeding experiments in which the 
proteins were completely replaced by the individual acids, employed in known 
amounts. In this manner it has been possible to obtain some indication about 
the requirements of the single components. Table XIX is constructed from the 
the data submitted by Hose and indicates the minimum amounts necessary for 
normal life. The minimum is expressed in parts per hundred of the total ration. 


TABLE XIX 
Essential Aiuno Acids 


Name 
Lysme . 
Tryptophan 
Histidine . 
Phenylalanine 
Leucine 
Isoleucine . 
Threonine . 
Methionine 
Vahne . 
Arginine* . 


Minimum Amount Necessary, 
Per Cent of Total Ration 
. . 1.0 
... 02 
... 04 

..07 

... 0.9 

. . 0.5 

. 0,6 
. . 0.6 

... 0.7 

0.2 


• The animal organism can synthesize part of its own requirement of arginine, but 
not sufTicient for its normal requirement. 


«« Science, B6, 298 (1937). 
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A tryptophan-deficient diet in growing rats gives rise to a variety of lesions, 
e.g , vascularization of the cornea and development of cataract; alopecia about 
the head and back; abnormal, brittle, misshapen, and discolored incisor teeth; 
atrophy of the testis and aspermiogeneris in the growing In the same 

animal the deficiency symptoms for phenylalanine include changes in the testes, 
accessory genital tissues, adrenal and pituitary glands, and bone; these changes 
are reversible.'®* Threonine deficiencies show loss in weight, changes in repro- 
ductive tissues, and alterations in the chromophilic cells of the anterior pitui- 
tary; these manifestations are relieved by feeding threonine.”® The absence of 
histamine from the diet results in regressive changes in the pituitary, sex organs, 
thymus, adrenal cortex, and bone; these changes, too, are reversible.”* Kwashi- 
orkor, a nutritional deficiency disease associated wnth low animal protein diets, 
results presumably from inadequate consumption of lysine, tryptophan, meth- 
ionine, and, perhaps, threonine Vitamin B4 may be identical with a mixture 
of arginine and lysine; at least the deficiency produced by the lack of these two 
acids in chicks resembles deficiency ascribed to vitamin B4.”* 

If the deficiency symptoms resulting from the absence of these essential amino acids had 
been recognized before the acids were known, or if the symptoms had not been e;cperi- 
mentaify associated ^ ith the compounds in question, it is possible that each of these acids 
would have been identified as a vitamin to relieve the symptoms of specific dietary 
deficiencies. Threonine was in fact recognized by its deficiency manifestations before it 
ivas isolated from natural sources; the symptoms prompted the search for it. These 
essential amino acids differ from the usual conception of the term vitamin in lliat they also 
supply energy or serve as structural material for the tissues. It has been suggestetl that 
substances of this nature be called fitojens.”’ 


Properties 

The amino acids act both as acids and as amines. In solution, the mono- 
aminoraonocarboxylic acids are neutral This property is accounted for by the 
double ionization, and internal neutralization, as indicated. This amphoteric 


CO— on 

I -f non 

CH-— NHj 


CO— o- 
I + n-^ 
CH. 

NH,+ + "OH 


arrangement is called a zwitter ion. In concentrated alcohol the tendency to 
form an internal salt is 6ome>Yliat restricted, and the acid may bo titrated with 


Albanesc and Buschke, Satnee, 93, 6S1 (1943) 

Scliti artz, Scott, and Ferguson, /I wj/ fffconf, 110, 313 (1951 ) 

Scott and Schwartz, Proc Sex Exptl Biol Jfed , 81 , 271 (1953). 

Scott, Arch Pathol , 58. 129 (1954) 

Chem Eng. A’ews, 34, 1 188 (1950) 

'"llegsted, Brices, Elvehjem, and Hart, Biol CAem . 110, 191 (191 )• 

Ito-scnlxjrB, CArmufruand Phyiwlogy of the Vilamitu, Inlerscienco New York, 

1912. p 6 
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standard alkali, phenolphthalein being used as an indicator. The high melting 
points of the amino acids (most of them decompose at the fusion point) may be 
due to this inner saltlike character. 

Most of the simple amino acids have a sweet taste. If the carboxyl group is 
masked, e.g , by esterification, the compound assumes definitely basic properties. 
If the amino group is masked, as by acylation, the compound becomes definitely 
acidic. 

The van Slyke amino acid determination depends on the reaction of the amino group 
u^th nitrous acid which converts the amino acid into an a-hydroxy acid and liberates 
nitrogen quantitivcly. 

The Sorensen formol titration of amino acids depends on the formation of the N-bJocked 
derivative; this derivative is strongly acidic and maybe titrated. 

Products 

Aminoacctic Acid« N.F. (Glycine, Glycocoll), H 2 M — CHa — COOH, crystals, 
having a sweet taste, soluble in water 1:2 and slightly soluble in alcohol, is 
used as a diuretic and as a muscle stimulant; it is said to affect muscle retention 
0 / creatine. It is usually administered in solution in water or milk or as the 
elixir. 

Glycine Hydrochloride is a salt of glycine. It is used as a convenient method 
of administering HCl. It is used in gastric hypoacidity and serv'cs the same 
purpose as the administration of diluted hydrochloric acid. About 0.2 g. of 
glycine hydrochloride is equivalent to more than 10 drops of Diluted Hydro- 
chloric Acid, N.F. 

Betaine IIydrochIori<Ie (Acidol), f(CH 3 ) 3 N"^ — CH 2 — COOHJCl”, is a crj's- 
talline compound readily soluble in water. It is used in hypoacidity, yielding 
about 24 per cent HCI. It is a convenient form for the administration of hydro- 
chloric acid; 0.5 g. is equivalent to about 18 minims of Diluted Hydrochloric 
Acid, N.F. 

Diglycocoll Ilydroiodide-Iodinc, N.N.R. (Bursoline), [HI(NH 2 CH 2 CO- 
0H)2]2- I 2 , is a ready source for free iodine for disinfecting drinking water. 

Dihydroxy Aluminum Aminoacelale (Alminate), NH 2 — CH 2 — COOAl- 
( 0 H) 2 , is a basic aluminum salt of glycine used as an antacid and reported to have 
a buffer value about six times that of aluminum hydroxide. It is used in tablet 
form to treat hyperacidity in such conditions as duodenal or gastric ulcer. 

Glutamic Acid Hydrochloride, N.F., like glycine hydrochloride, is used 
for the convenient administration of hydrochloric acid. It is practically tasteless 
and does not injure the teeth. It is used to treat hypoacidity due to pernicious 
anemia, gastric cancer, chronic dyspepsia, etc. 

Glutamic acid was fed to mentally retarded patients, 16 months to 17.5 years 
of age, in doses of G to 24 g per day; although there were some instances of con- 
vulsive disorders, tests showed definite improvement in verbal, motor, and per- 
sonality responses.'®* 

Zimmerman, Burgemesiter, and Putnano, Arch Neurol. Psychiat , 56, 489 (1946); C.A., 
41, 2805 (1947). 
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gonorrhea yield cultures with low p-aminobcnzoic acid synthesis, and the 
organism is sensitive to sulfanilamide; clinically resistant individuals yield cul- 
tures wth a high rate of p-aminobenzoic acid synthesis.*^® Ansbachcr identi- 
fied p-aminobenzoic acid as the achromotrichia factor in the rat and as a growth- 
promoting factor for the chick. Sieve reported that in man nutritional achro- 
motrichia is favorably influenced by the use of p-aminobenzoic acid. 

It is likely that the biochemical activity of p-aminobcnzoic acid depends on its 
incorporation into the folic acid molecule (see page 420). p-Aminobcnzoic acid 
appears to act as a hydrogen transfer agent for E. coli and other facultative 
anaerobes, a function with which the sulfa drugs interfere.’” It seems to have a 
favorable effect in certain types of asthma, probably because of its sparing action 
on epinephrine.’” It has been found highly effective as a detoxicant for lethal 
doses of carbarsone and other benzenearsonates in rats without inhibiting 
trj'panocidal activity. It is reported to be useful in the treatment of rheumatic 
fever.’” 

In man p-aminobcnzoic acid is conjugated with glycine and largely excreted 
by the kidney as p-aminohippuric acid, P-NH2C6H4CONHCH2COOH. 

Other antagonist to p-aminobcnzoic acid arc 5-nitrothiophene-2-carboxamide, methyl 2- 
(5-ncotylaminothienyl) ketone, and 6-aminonicotinic acid; these compounds exhibit 
antibacterial properties similar to sulfanilamide.*” 

p-Aminobenzoic acid absorbs light rays in the ultraviolet region and may, therefore, be 
incorporated In suitable bases as an effective screen against sunburn. 

p-Aminosalicylic Acid, N.N.R. (Para-Pas, Parasal, Propasa), is prepared 
essentially by the Kolbe synthesis as illustrated.*” It is a white, or nearly white, 



bulky powder which is slightly soluble in water and soluble in alcohol. 

It is used principally as a supplement with the streptomycins in the treatment 
of tuberculous infections for the purpose of postponing bacterial resistance or the 
treatment of infections that have become resistant to the antibiotics. 

Sodium 7>-AminosalicyJate, N.N.K, (Para-Pas Sodium, Parasal Sodium, 
Pasera Sodium, Padem Sodium, Pasmed Sodium), is a white-topale-yellow, 

*** L.'indy and Gerstung, J Immunol , SI, 269 (1945), C.A , 40, 2194 (1946). 

Ansbacber, Science, 93, 164 (1941). 

>*' Sieve, Science, 94, 257 (1941). 

Baumgartel, Deut. med Wochechr , 69, 748 (1943); C-A., 38, 4002 (1944). 

Rosenborg, Chemistry and Physiology of the Fitanttn#, Interscience Publishers, New York, 
1942, p 286. 

Ptoc. Soc ExpU. Biol Med , 65, 178 (1947). 

Johnson, Green, and Pauli, J • Biol. Chem , 153, 37 (1944). 

Yoshimura, Jap. pat. 3022, June 12, 1951 Rosdahl, Swed pat. 135,135, April 8, 1952; 
CA ,47, 4914 (1953) 
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crystalline powder which is freely soluble in water and sparingly soluble in alco- 
hol. It is used for the same purpose as p-aminosalicylic acid, the sodium salt 
being more soluble in water. 

Edathamil, N.N.R. (Ethylenediaminetetracetic Acid, Sequestrene A), and 
Edathamil Tetrasodium (Tetrasodiura Ethylenediaminetetracetate, Versene) 
are excellent sequestering and chelating agents. There is increasing use for 

CH,N(CHtCOOH)2 

I 

CH,N(CH,COOH). 

CdatbaiTul 


compounds that form stable complexes with multivalent cations, such as Ca'*’', 
Cu'*’^, Hg"*"®, Fe*^, Cr'*'^, and Pb'*’^. Such agents find use for heavy metal 
detoxification, e.g., chrome ulcers in the skin, and for the removal of corneal 
calcium. The acid, if given too rapidly, may cause a serious imbalance of bio- 
logical calcium, which may lead in extreme cases to hypocalcemic convailsions 
or even cardiac arrest. It is suggested that these agents may prove useful for 
removing from the system even the radioactive products of nuclear fission. The 
chelating properties of Edathamil have been investigated as an approach to the 
solution of the problem resulting from atherosclerosis.'” 

Edathamil Calcium-Disodium, N.N.R. (Calcium Disoditim Ethylenedi- 
ominetctracetate), is a chelate of calcium in which the calcium atom is e.xchanged 


CH:— CH, 

NaOCO— CHj— N N— CHsCOONa 

I V /| 


HjC 


Ca cn, 

I / ^ I 

O 0 

IX \1 

CO CO 


for an even more firmly bound lead ion; the lead complex U virtually soluble in 
water and is excreted intact in the urine; hence, the calcium complex is uscfvd in 
treating lead poisoning. 

AMIDES 

See acetanilid (page 180), phenacctin (page 187), and carbamylcholino (page 
195). 

Amides contain the characteristic group — CO — X= Tliey may be considered 
a-s ammonia or an amine in winch an N— hydrogen atom is replaced by an acyl 
group or radical; or ns acids in nhich the hydroxyl group of the acidic carboxyl 
group is replaced by the XHj— or n subslitutctl nmido group 
ClarL, Clark, anU Nro«her, Ant J Af«tl 227. 142 (IP >•») 
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The introduction of an acyl group into ammonia or an amine results in the 
loss of the basic characteristics; e.g., amides do not react with acids to form stable 
salts. Since amides are the ammono-analogs of the acids, they may assume 
R— CO— OH and R— CO— NHj 


acidic properties; this may be noted especially in the sulfonamides, in phthali- 
mide, and in the barbituric acids, in which the amido hydrogen is acidic. 

The acid amides act as hypnotics and sedatives. Numerous compounds of 
this t 3 T}e have been introduced but they have been largely replaced by more 
effective agents. Examples of active compounds are sho^vn. 


C 2 H 8 NHj 

\ / 
c— c 

/I \ 

CiHs CHi 0 

/ 

CH=CH, 


CiHi 

\ 

G— C 

/I 

CjHs Br 


NHi 

/ 

0 


Ntutonal, 

a>brom^«thylaeetAmlda 


Urethanes 

The amides of carbonic acid are particularly interesting, both because of their 
chemical structure and properties and their physiological and medicinal uses. 

Carbamic acid, NHa — CO— OH, is unstable and is knonm only by its various 
derivatives, such as the salts, called carbamates, and as its esters, called urethanes. 
Urethanes have been introduced as hypnotics and sedatives; they have been 
largely replaced by more efficient products. 

Urethan, U.S.P. (Ethyl Carbamate), consists of colorless crystals, m.p. 48^ 
soluble in water 1:0.5 and readily soluble in alcohol. It can be prepared by 
adding ethyl chloroformate to ammonia, 

CICOOC 2 H 6 + 2NH, NHiCOOCjHs + NH^Cl 

It is a mild hypnotic and a feeble diuretic usually administered in solution or as 
the powder in capsules. Urethan with quinine hydrochloride is used as a scleros- 
ing agent for the treatment of varicose veins. Ethyl carbamate causes temporary 
but significant retardation of gro^vth of spontaneous Walker carcinoma 256 in 
rats, a decrease in the leucocyte count of myelogenous leukemia in the mouse, 
and exerts an inhibitory effect on prostatic cancer.'®* 

Other urethanes that have at one time or another been used include; 

CH 3 

/ 

Aponal, the carbamate of tertiaiy amyl alcohol, NH 2 COOC — CH 3 . He- 

CaHs 

Oertly anti Myers, J Am. Chem Soc , 41, 855 (1919). Lorang, Rec Irav chim., 47, 179 
(1928) Thate, Ree. trav chim., 48, 116 (1929) 
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